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1. EXECUTIVE SUMMARY

1.1 INTRODUCTION
In late 1987 Cincinnati was selected to be the location of one of three urban Soil Lead-

Abatement Demonstration Projects to implement Section lll(b)(6) of the Superfund
Amendment and Reauthorization Act (SARA) of 1986. This project was conducted by
investigators in the Department of Environmental Health at the University of Cincinnati in
collaboration with the City of Cincinnati Department of Health. The Cincinnati project made
use of extensive experience in the Department of Environmental Health in pediatric lead
exposure studies. The Cincinnati project was conducted in neighborhoods where most of the
housing had lead-based paint removed about two decades earlier as a result of a complete
rehabilitation carried out under U.S. Housing and Urban Development-supported programs.
The rehabilitation involved a "gutting" of the buildings and the complete replacement of
plumbing, wiring and heating systems and the installation of new walls, flooring, windows
and doors. Exterior brick areas were either sandblasted or chemically cleaned and sometimes
were re-painted. Most of the rehabilitated buildings were 3 to 4 story multi-family structures
and all were rental units. Soil in these neighborhoods was located primarily in small parks,
recreational areas and vacant lots and not specifically part of the same property containing
the rehabilitated housing. Therefore, in order to include all of the soil areas in the abatement
project the decision was made early in the project design to abate entire neighborhoods.
Thus, all soil areas in the neighborhoods were included, whether or not there were housing
units on the property. This neighborhood-wide design, rather than the scattered house
approach used elsewhere, was extended to include exterior surface dust on paved areas.
Therefore, a neighborhood-wide paved surface cleaning was also performed.

The two central hypotheses of this project were that:
(1) A reduction of lead in residential soil accessible to children would result in a

decrease in their blood-lead levels, and
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(2) Interior dust abatement, when carried out in conjunction with exterior dust and
soil abatement, would result in a greater reduction in blood lead than would be
obtained with interior dust abatement alone, or exterior dust and soil abatement
alone.

A secondary hypotheses was that:

(3) A reduction of lead in residential soil accessible to children will result in a
decrease in their hand lead levels.

1.2 METHODS
Three areas, designated A, B and C, were selected for the study. A door-to-door

census was performed to determine the availability of an adequate number of children less
than six years of age. A preliminary soil lead survey was also undertaken to provide
baseline soil lead values and to document the presence of lead-contaminated soil. The choice
of which neighborhoods to include was made on the basis of the census and preliminary soil
lead survey. During the 1989 abatement period Area A received interior and exterior dust
abatement and soil abatement, while Area B received interior dust abatement only. Exterior
dust and soil abatement were performed in Area B during the summer of 1990 and all three
abatements were performed in Area C after the last sampling phase in 1991.

The soil abatement plan involved removal of the top six inches of soil when either the
average or the top 2 cm lead concentrations was ^500 ppm, replacement with low lead soil
(< 20 ppm) and fesodding. In areas where the grass cover was poor and the surface
concentration was ^300 ppm, removal, replacement and resodding also was performed.
Available vacuum-based street cleaning equipment was tested to determine which equipment
was capable of removing greater than 90% of the dust from rough paved surfaces. Extensive
testing of high efficiency particle accumulator (HEPA) vacuum cleaning of lead-dust
containing carpets was conducted. Based on the results of these tests, and tests of new
carpets embedded with dust in the laboratory, it was concluded that carpets could not be
satisfactorily cleaned. Substantial amounts of lead remained in the carpets after repetitive
cleaning and, in a number of cases, the lead dust loading on the surface was increased during
the vacuum cleaning. Therefore, carpet replacement was selected as the method of choice
for dealing with existing carpets. Based on the carpet cleaning experience and a limited
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amount of testing of cleaning methods for upholstered furniture, it was concluded that
contaminated upholstered furniture should also be replaced to the extent passible.

Environmental monitoring was performed during ten sampling phases before and after
the various abatement procedures were conducted. The types of environmental samples
collected and the number of times such samples were collected during a three-year period are
as follows: soil (seven times), exterior dust (seven times), interior dust (seven times), and
paint and water (once). Blood samples were collected from participants five times and hand
wipes seven times. Interior surface dust samples were collected with a vacuum procedure
that we had previously developed using a portable pump designed for collecting personal air
samples. These samples were collected at the interior apartment entry, on a door mat that
was supplied to the participants and on a composite of interior floor areas and on a composite
of window sill areas. The exterior surface dust samples were collected with a battery-
operated "auto-vac" at the exterior entry to the housing of study participants and on paved
areas (streets, alleys, sidewalks, parking lots, etc.) throughout the study neighborhoods.
Buffer areas, extending for about one block in all directions outside the recruitment areas,
were also included in the exterior dust abatement. This was done in an effort to delay the
reconta mi nation of paved areas from adjacent unabated paved areas.

1.3 RESULTS
A total of 307 children were involved in the study including 291 recruited during the

two recruitment efforts and 16 children who were bom to study families during the study.
The focus of the study was on 173 children less than six years of age who lived in
rehabilitated housing and who were in the initial recruitment (Spring, 1989).

The number of blood and hand wipe samples collected was 1,367 and 8,127,
respectively, 2,407 exterior dust, 3,332 interior dust, 8,127 soil and 324 water samples were
collected and analyzed. In addition, 580 X-ray fluorescence (XRF) in situ paint lead
determinations were also performed.

1-3



1.3.1 Soil Lead
The geometric mean soil lead in top 2 cm cores in Area A decreased from 200 ppm

preabatement to 54 ppm postabatement. The 95 percentile value decreased by over
2,200 ppm (from 2,659 to 422 ppm). In Area B the geometric mean decreased from 161 to
60 ppm and the 95% value decreased from 1,509 to 249 ppm, a drop of 1,260 ppm. In all
areas soil lead concentrations in lots adjacent to buildings were much higher than in other
lots. For example, in preabatement samples in Area A, the geometric mean and
95 percentile concentration were 201 and 2,856 ppm, respectively, near buildings while they
were 93 and 579 ppm, respectively, in other lots.

1.3.2 Exterior Dust Lead
In Area A the exterior dust lead loading (mg Pb/m ) was 260 ppm before abatement

and 257 ppm after abatement in the buffer areas. In the nonbuffer areas (center portion of
study area) the loading was reduced slightly from 419 to 347. In Area B the first
postabatement dust sample was collected within about 24 h of the abatement, a somewhat
shorter time period than for Area A the previous year, in an attempt to get a clearer
indication of the abatement impact. For one of the neighborhoods in Area B the lead loading
decreased in the buffer area by 48% and in the non-buffer area by 63%. In the other Area B
neighborhood, the decreases were 59 and 72%, respectively. Exterior dust lead loadings in
the exterior housing entry area decreased in Area A from about 230 mg/m preabatement to
about 100 mg/m postabatement but increased to preabatement levels about 4 mo later.

1.3.3 Interior Dust Lead
f\

Interior entry dust lead loadings in Area A decreased from 387 pg Pb/m preabatement
to 230 /ig/m2 in the first postabatement sample. Lead loading remained at this level in
samples collected about four months later but increased to preabatement levels about 10 mo
after abatement. In Area B interior entry lead dust loadings decreased to about 2/3 of
preabatement levels in the first postabatement samples and increased slightly four months
later. In the sample collected about 10 mo postabatement, however, they increased to
several times preabatement levels. Dust lead loadings in composite floor samples from

"7 *?Area A decreased from 188 ;zg/m preabatement to 76 fig/m postabatement, a decrease of

1-4



about 60 %. They remained at that same level in samples collected about four months
postabatement and were 35% below preabatement levels in samples collected 10 mo
postabatement. In Area B, geometric mean dust lead loadings in composite floor samples
were 138 ng/m preabatement and were 81 % lower in the first postabatement sample and
62 % lower in samples collected four months postabatement. However, by ten months
postabatement the mean value had increased to well above the preabatement level.

1.3.4 Blood Lead
Following interior and exterior dust and soil lead abatement, blood lead concentrations

decreased in Area A from 8.9 to 7.0 (21 %) but increased to 8.7 10 mo postabatement. In
Area B (interior dust abatement only) blood lead concentrations decreased from 10.6 to 9.2
(13%) 4 mo postabatement and were 18% below preabatement levels 10 mo postabatement.
However, blood lead levels in Area C (no abatement) also decreased by 29% and 6% during
these same time periods. Other comparisons also revealed no effects of the soil or dust
abatement.

1.3.5 Hand Lead
A comparison of the geometric mean hand lead in the first postabatement sample with

the preabatement sample revealed a decrease of 0.92 /tg Pb in Area A, an increase of
0.14 ^g Pb in Area B and an increase of 0.41 pg Pb in the control group C. Four months
postabatement the geometric mean hand lead was 1.49 pg below preabatement in Area A,
0.74 below in Area B and 0.68 below in control Area C. In the samples collected 10 mo
postabatement, geometric mean hand lead levels were much higher than preabatement levels
in all areas. Other comparisons before and after the exterior dust and soil abatement in
Area B in 1990 also did not reveal any potential effects of the abatement.

1.3.6 Intercorrelation Among Environmental Lead Measures and
Blood Lead

Correlations between blood lead and hand lead, or interior dust lead (ppm and pg/m )
or exterior dust (ppm) were observed as they were in an earlier study of children in the same
neighborhoods but with a wider range of housing types. Similarly, correlations were
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observed between hand lead and interior and exterior dust lead and between interior and
exterior dust lead. Correlations involving paint lead were not significant probably because of
the very low levels and narrow range of paint lead in the abatement project.

1.3.7 Environmental Dust Lead Levels
Geometric mean concentrations of lead in exterior dust ranged from 416 ppm (Area C)

to 2,119 ppm (Area A) in samples collected at the entry areas of the housing of study
participants. Mean exterior dust lead loadings ranged from 88 mg/m to 225 mg/m . In
street, sidewalk and alley samples, mean levels ranged from 829 to 2,216 ppm and 231 to
534 mg/m2. Mean dust lead in interior entry samples ranged from 261 to 559 ppm and
150 to 387

1.3.8 Abatement Costs
Average soil abatement costs (including removal, disposal, replacement and resodding)

were $35/m2 in 1989, $27/m2 in 1990 and $32/m2 in 1991. Interior dust abatement costs,
including carpet replacement and the limited replacement of upholstered furniture, were
$16/m2 in 1989, $18/m2 in 1990 and $13/m2 in 1991. The interior dust abatement costs may
also be expressed on a per housing unit basis, $1,212 in 1989, $1,477 in 1990 and $1,124 in
1991. Exterior dust abatement costs were $0.97/m2 in 1989 and $0.89 in 1990. On a per
study participant basis, average abatement costs, as a percent of the total for all three
abatements, were 56% for soil, 26% for interior dust and 23% for exterior dust.

1.4 CONCLUSIONS
Soil lead abatement was achieved and there was no evidence for soil recontamination

over the period of measurement (up to about two years).
While some evidence of exterior dust abatement was found, its impact was often not

evident at the next sampling phase (one to 3 mo later). Recontamination of paved areas often
occurred immediately after exterior dust abatement.
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2. BACKGROUND

In late 1987 Cincinnati was selected to be the location of one of three urban Soil Lead-
Demonstration Projects to implement Section lll(b)(6) of the Superfund Amendment and
Reauthorization Act (SARA) of 1986. This project was conducted by investigators in the
Department of Environmental Health at the University of Cincinnati in collaboration with the
City of Cincinnati Department of Health. The Cincinnati project was conducted in
neighborhoods where most of the bousing had previously been lead-based paint-abated about
two decades earlier as a result of a complete rehabilitation carried out under U.S. Housing
and Urban Development-supported programs. The rehabilitation involved a "gutting" of the
buildings and the complete replacement of plumbing, wiring and heating systems and the
installation of new walls, flooring, windows and doors. Exterior brick areas were either
sandblasted or chemically cleaned and sometimes were re-painted. Most of the rehabilitated
buildings were 3-4 story multi-family and all were rental units. Soil in these neighborhoods
was generally located primarily in small parks, recreational areas and vacant lots and not
specifically part of the same property containing the rehabilitated housing. Therefore, in
order to include all of the soil areas in the abatement project the decision to include entire
neighborhood areas was made early in the project design. Thus all soil areas in the study
areas were included, whether or not there were housing units on the property. This
neighborhood-wide design, rather than the scattered house approach used elsewhere, also
allowed us to perform a neighborhood-wide paved surface cleaning.

2.1 HYPOTHESES
The two central hypotheses of this project were that:

(1) A reduction of lead in residential soil accessible to children would result in a
decrease hi their blood-lead levels, and

(2) Interior dust abatement, when carried out in conjunction with exterior dust and soil
abatement, would result in a greater reduction in blood lead than would be obtained
with interior dust abatement alone, or exterior dust and soil abatement alone.
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Secondary hypotheses were that:

(3) A reduction of lead in residential soil accessible to children will result in a decrease
in their hand lead levels, and

(4) Interior dust abatement, when carried out in conjunction with exterior dust and soil
abatement, would result in a greater reduction in hand lead than would be obtained
with interior dust abatement alone, or exterior dust and soil abatement alone.

The specific questions to be answered in the Cincinnati Soil-Lead Abatement
Demonstration Project were as follows:

• Does interior dust abatement in rehabilitated (including lead-based paint abated)
housing in conjunction with soil-lead and exterior dust abatement, or interior dust
abatement alone, result in the reduction of blood lead (PbB) in children relative to
children living in rehabilitated housing in the control area where no abatement
occurs?

• Does soil or dust abatement result in a covariate adjusted reduction in PbB relative
to each child's pre-abatement PbB?

• Does exterior abatement (exterior dust and soil) result in a significant reduction in
PbB relative to that in children in housing where no abatement occurs?

• Is the reduction in PbB and environmental lead transient or long term?

Secondary objectives were to:

• determine the effectiveness of the abatement procedures in reducing the quantity of
lead-contaminated dust in residences;

• determine the rate of reaccumulation of household dust-lead;

• determine the factors associated with household dust-lead reaccumulation; and to

• estimate the rate of exterior and interior recontamination.

2.2 PREVIOUS RELATED WORK
An ongoing study of childhood lead poisoning (Bomschein et al., 1985 and Clark et al.,

1991) led to the development of a causal model (Figure 2-1) that demonstrated the existence
of a lead exposure pathway leading from lead in external soil/dust adjacent to housing units
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Structural Equations:
Ln(PbB) - 1.276 + 0.152 Ln (PbH) + 0.182 Ln (PbD)
Ln(PbH) - 0.966 + 0.444 Ln (PbD)

PbH

0.38
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Ln(PbD) - 4.691 + 0.325 Ln (XRFHAZ) + 0.268 Ln (PbSS) 0.52

All coefficients are significant at p < 0.05; NS-Not Significant
Figure 2-1. Reduced structural model for pathway from environmental lead to blood lead for 18 mo old.

Source: Bronschein et •!. (1986).



(PbSS) and paint lead (XRF) to interior house dust (PbD), then to hand lead (PbH) and
ultimately to blood lead (PbB). This pathway suggested that an intervention strategy
involving control of exterior dust/soil, paint, and interior dust could potentially lead to
statistically significant reductions in blood lead. Contaminated soil serves as one of the lead
reservoirs that contributes to external dust on the street and other areas in or near housing
units. The reduction in soil lead in areas where the house paint lead has already been
thoroughly abated would, therefore, lead to a reduction in exterior dust lead and
consequently interior dust lead, hand lead and ultimately blood lead. However, because of
the existing accumulations of exterior and interior dust lead in the housing environment, the
impact on blood lead reduction of soil lead abatement alone would be delayed and reduced if
dust lead abatement did not also occur. The Cincinnati Soil-Lead Abatement Demonstration
Project was therefore designed to evaluate three abatement components suggested by the
causal model to be significantly linked to elevated blood lead levels:

Soil Lead abatement
Exterior dust abatement
Interior dust abatement

The impact of existing paint lead was not expected to interfere with the evaluation of
the effectiveness of soil and dust lead abatement if the focus was on lead-paint free
rehabilitated housing units. Cincinnati fortunately has a large stock of about
6,000 residential housing units, available to low and moderate income families, that have
been completely rehabilitated and deleaded under various U.S. housing programs, mainly
during the late 1960's and early 1970's.

Blood lead profiles of children up to 42 mo of age living in rehabilitated housing units
(low paint lead), public housing (also containing only very low levels of paint lead), newer
post World War n housing (low paint lead), and 19th century private housing units (multiple
sources of lead), that are in deteriorated/dilapidated or satisfactory condition (by exterior
evaluation) are shown in Figure 2-2. The children with the lowest PbB reside in the post
World War and public housing, while those in the deteriorated housing, not unexpectedly,
have the highest PbB values. What was surprising from the data in Figure 2-2, however,
was that children residing in the rehabilitated housing had PbB values much higher than those
in public housing, higher by about 10 /xg/dL at 18 mo of age, even though paint lead levels
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Figure 2-2. Effect of housing type and condition on early childhood blood lead
concentrations.

Source: Clark et al. (1988).

were equally low in both housing categories (Table 2-1). Blood lead levels of children living
in the rehabilitated housing were similar to those living in satisfactory housing that had not
been rehabilitated. The higher than expected PbB of children in rehabilitated housing
appeared to be due to the fact that most of the rehabilitated housing was intermixed in
neighborhoods with non-rehabilitated housing, frequently in a poor state of repair, which
resulted in much higher interior and exterior dust lead levels in rehabilitated housing than in
public housing (Table 2-1). Being in close proximity to housing with lead paint, the
rehabilitated housing became contaminated by lead-contaminated dusts which migrated to the
areas immediately outside and within the rehabilitated units. This project offered the
opportunity to test the hypothesis that the blood lead levels of children living in rehabilitated
and satisfactory housing could be reduced by reducing lead levels in soil and dust in the
areas in which housing is located.
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TABLE 2-1. ENVIRONMENTAL LEAD MEASURES BY HOUSING TYPE

Environmental
Lead Measure*

Paint (ppm)
Mean
(±1 SD)cn

XRF (rag cm *)
Mean
(±1SD)
n

Paint hazard6

Mean
(±1 SD)
n

Interior surface dust
(ppm)
Mean
(±1 SD)
n

Interior surface dust
(mg m" )
Mean
(±1 SD)
n

Post-2nd WW
Private

Satisfactory
Condition

d

1.2
(0.4-3.4)

51

0.4
(0.1-1.4)

51

332
(151-733)

44

0.13
(0.04-0.43)

44

Public Housing

2,750
(477-15,900)

16

1.7
(0.9-3.4)

112

1.0
(0.4-2.4)

112

490
(242-996)

95

0.25
(0.09-O.72)

95

Subsidized
Rehabilitated

Housing

2,820
(85-93,900)

11

1.2
(0.5-3.0)

111

0.6
(0.2-1.7)

111

622
(289-1,340)

101

0.25
(0.07-0.93)

99

19th Century
Satisfactory
Condition

Private
(non-rehab.)

30,500
(3,600-254,000)

37

7.3
(2.5-21.1)

92

4.7
(1.2-19.1)

92

1,680
(586-4.800)

84

0.77
(0.13-4.72)

81

19th Century
det./dilap.h

(non-rehab.)

25,200
(4,500 142,000)

108

10.5
(5.0-22.0)

163

9.7
(3.2-29.0)

163

2,360
(957 5,840)

146

2.1
(0.46 9.50)

141



TABLE 2-1 (cont'd). ENVIRONMENTAL LEAD MEASURES BY HOUSING TYPE

Environmental
Lead Measure

Interior duslfall (ppm)
Mean
(±1 SD)
n

Interior dust fall
Oig/m"2/
30 days)
Mean
(±1 SD)
n

Exterior surface
scraping (ppm)
Mean
(±1 SD)
n

Soil core (ppm)
Mean
(±1 SD)
n

Post-2nd WW
Private

Satisfactory
Condition

176
(55-567)

45

0.035
(0.011-0.116)

45

327
(118-905)

21

98
H7-264)

23

Public Housing

179
(53-612)

97

0.054
(0.164). 181)

97

233
(87-622)

67

138
(67-284)

38

Subsidized
Rehabilitated

Housing

221
(67-727)

101

0.075
(0.024-0.234)

99

1.800
(611-5,280)

81

221
(59-826)

13

19th Century
Satisfactory
Condition

Private
(non-rehab.)

464
(136-1,590)

75

0.139
(0.029-O.653)

75

5,000
(1,430-17,500)

45

692
(259-1,840)

29

19th Century
det./dilap.

(non -rehab.)

563
(174-1,820)

127

0.199
(0.047-0.841)

127

4,550
(1,180-17,600)

96

905
(384-2,130)

29



3. STUDY DESIGN AND METHODS

3.1 OVERALL DESIGN
The Cincinnati Project involved the selection of three areas (A, B, and C) with a

predominance of lead-based paint abated (rehabilitated) housing and with an adequate number
of children up to five years of age.

The schedule of environmental and biological monitoring and for abatement for each of
three study areas is outlined in Figures 3-1 and 3-2. Area A received all three abatement
treatments (lead, exterior dust and interior dust) in 1989. Area B received interior dust
abatement in 1989 and exterior abatement (soil and dust) in 1990 and the control Area C
received all three abatements in 1991. Environmental and biological monitoring was
conducted at a total of 9 times before and after each abatement cycle except that no
monitoring was performed after the 1991 abatement in control Area C.

3.2 NEIGHBORHOOD AND SUBJECT SELECTION, RECRUITMENT
AND RETENTION

As mentioned earlier, the design of the Cincinnati project involved the selection of
multi-block areas where the predominant type of housing was that which had previously
undergone extensive "gut" rehabilitation with the removal or encapsulation of most of the
lead-based paint areas. Therefore, a neighborhood area selection process was used which
required a complete census of all property owners and residents and an initial soil sampling
survey. This was needed to determine if there was an adequate number of children less than
six years of age (about SO per study area) and accessible soil with elevated lead concentration
(greater than or equal to 500 ppm). The procedure for calculating the sample size required
is presented in Appendix A.

3.2.1 Enrollment Criteria
Selection of several study areas with similar characteristics was important in order to

determine the impact of the exterior and interior lead abatement procedures. This was
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Figure 3-1.

ABATEMENT AND MONITORING TIME TABLE

Year 1 - 1988 Soil Pb Surveys, Methods Development, Pilot Testing of Abatement
September - December (Phase 0) Methods, Training, and Negotiation with Property

Owners

Year 2 - 1989
January - May

June/July
August/

September

September/
October

November
Year 3 - 1990

February
June

August

September
November

Year 4 - 1991
February

June
July/August

July-
December

Year 5 - 1992

Continuation of Above
Area A

M*

abate
soil

exterior dust
interior dust

EMb

M

P/WM*

M

no abatement

EM
M

P/WM

M
no abatement

Sample and

Area B

M

abate
interior dust

EM

M

P/WM

M

abate soil and
exterior dust

EM
M

P/WM

M
no abatement

data analysis

Complete sample and data

*M = Monitoring: Blood Lead, Hand Lead, Interior and Exterior
EM = Environmental Monitoring: Hand Lead, Dust Fall Interior

Area C
M

no abatement

EM

M

P/WM

M
no abatement

EM
M

P/WM

M
abate soil,

exterior dust,
interior dust

analysis and rait

(Phase 1)

(Phase 2)

(Phase 3)

(Phase 4)
(PhaseS)

(Phase 6)
(Phase 7)

(Phase 8)
(Phase 9)

writing

Dust Lead and & Lead,
and Exterior Dust Lead.

°P/W M: Pant and Water Monitoring.
In other areas sampled during the initial soil surveys but not selected for the study, necessary soil abatement in
public areas occurred during 1990.
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Figure 3-2.
BLOOD AND ENVIRONMENTAL SAMPLE COLLECTION

Sampling Phase

Sample 00

Blood

Hand Lead

Soil
Surface
Scraping X

Top 2 cm
Areas X*

Bottom 2 cm
Areas X

Exterior Dust
Neighborhood

House-Targeted

Interior Dust
Entry
Floor

Window
Dustfall

Mat

Paint

Water

01

X

X

X
X

X
X
X

X

02

X

X

X4

X

X
X

X
X
X
X
X

03

X

X

X

X

X

X
X

X
X
X

X

04 05

X

X

X

X

X

X
X

X
X
X

X

X

X

06

X

X

X

X

X
X

X
X
X
X
X

07

X

X

X

X

X

X
X

X
xb

xb

xb

08 09

X

X

X

X

xb

xc

xc

'initial samples for Dandridge neighborhood of Area B were collected during Phase 02.
bCollected but not analyzed.
"Phase 08 samples collected only from housing not sampled during Phase 04.

accomplished by selection of several areas within the potential study neighborhoods where
socioeconomic and ethnic backgrounds were similar. Other matching variables considered
included housing type, age of child, prior housing history, season, soil availability per block
(group match) and percent non-rehabilitated housing per block (group match).

In order to maximize the potential impact of soil-lead abatement on lead (PbB)
reduction, several features of the study area were sought. These included: a high percentage
of completely rehabilitated housing (largely free of lead-based paint) and a high percentage of
young children exposed to accessible, lead-contaminated, soil.
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3.2.2 Initial Soil Survey
An initial soil survey was completed in order to determine the concentration of soil-lead

in the proposed study areas. Soil-lead distribution was one of the criteria used in the final
selection of the project study areas. This information was also necessary for the
development of the abatement plans.

At the time of the initial soil survey, November 1988 through April 1989, there were
six neighborhoods being considered for inclusion as part of the Cincinnati Soil Project's
proposed study areas. One of the original neighborhoods under consideration was dropped
after the census because of an insufficient number of children and another neighborhood was
added in the Spring of 1989. The six neighborhoods were combined to make up the three
study areas, Area A, Area B, and Area C.

The initial soil survey began with the identification of all soil sites in the neighborhoods
under consideration for inclusion in the study areas. This was accomplished by first defining
the neighborhoods on Sanbome maps. (These are large scale, 1" = 100', city maps which
show streets, building outlines and approximate property lines.) The next step was to visit
each study area to visually locate all soil sites and rehabilitated housing. Soil areas and
rehabilitated housing units were then coded on the Sanborne maps. Two separate teams of
individuals independently surveyed, on foot, each neighborhood for housing and soil sites.
Any discrepancies between the surveys results were field checked by project managers.

At the conclusion of the field surveys, the locations of the soil sites on the Sanborne
maps were compared with plat maps from the Hamilton county Auditor's Office in order to
determine the book, page and parcel number of each property within the neighborhood. It
was necessary to make this determination of book, page and parcel in order to find the name
and address of the owner of each soil site and each property where other types of abatement
would occur.

The property owners consisted of two groups; private owners and public owners. To
obtain permission to sample soil on the privately owned sites, all owners, including
individuals and corporations, were contacted by letter. Approximately 15% of the owners
responded to the letter. The owners who did not respond were contacted by Soil Project
staff members. A small percentage of the owners who were contacted refused to grant
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permission to sample soil. In one case the property was involved in litigation. In other
instances, the owners were apprehensive of the consequences.

Verbal permission to sample soil was acceptable, according to the Risk Management
Office of the University of Cincinnati Medical Center, if we followed certain rules. Those
rules were:

Dates and times of phone contact were recorded.
Notes were made of phone conversations.
Only a small number of approved individuals could make owner contact.

A significant amount of property with soil, approximately 20% in the study areas, was
owned by the City of Cincinnati. A right of entry agreement between the City of Cincinnati
and the University of Cincinnati was required prior to sampling soil on city-owned property.
In order to process the right of entry agreements we had to make the initial request of the
city government department responsible for each parcel of property. Those departments
were the Recreation Commission, Parks Department, Engineering and Public Works, and
Neighborhood Housing and Conservation. Once the individual department approved, the
City Solicitor approved the document as to form, and finally the City Manager signed the
document. The right of entry document then had to be approved by five separate offices at
the University of Cincinnati and signed by a University contracting officer.

After the identification of the soil locations and necessary permission to sample was
obtained, a sampling plan was completed for each soil site. The technicians who were to
collect the soil were trained in the collection protocol and appropriate health and safety
issues.

The initial soil survey was begun in December of 1988 and completed by April 15,
1989, with the majority of sites having been sampled by March 1, 1989. Soil samples were
collected by the environmental monitoring teams and sieved at the temporary field office at
1400 State Avenue. The sieved samples were sent to the Kevex (XRF) Soil Lab at the
University of Cincinnati Medical Center, where they were analyzed to provide preliminary
data for characterizing the lead content in the soils in the potential study areas. Later in the
study, these samples would be reanalyzed, after the recalibration of the Kevex (XRF), for a
final determination of soil-lead concentration.
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The initial soil survey was completed and the data were used to formulate the abatement
plans for the soil abatement which occurred in the summer of 1989 and two subsequent
summers of the project.

3.2.3 Identification of Study Areas
To determine which neighborhoods were appropriate for the study, project staff

conducted an extensive door-to-door census to obtain information about age of children,
housing types and condition of housing. Two-person teams canvassed several neighborhoods
to identify potential study areas. After careful evaluation of the census data, three areas
were selected for the soil-lead abatement project. Each area had 40 to 60 children under five
years of age, with most living in rehabilitated housing. Areas were also similar with respect
to the percentage of surface area that consisted of soil (average = 24%; range = 20 to
27%). The three study areas, A, B and C, each consisted of about 5-6 blocks of buildings,
paved areas and soil areas. Area A was completely contiguous. Area B consisted of three
non-contiguous sub-areas, referred to as neighborhoods: Findlay, Back and Dandridge.
Area C consisted of two non-contiguous neighborhoods: Glencoe and Mohawk. (Soil
sampling data presented later in this report revealed that the areas were comparable in lead
concentration with Area B and C being practically equivalent and A only moderately higher).
Maps of the individual study neighborhoods appear in Figures 3-3, 3-4, and 3-5. The
location of each of these neighborhoods is presented in Figure 3-6.

3.2.4 Participant Enrollment Procedures
In the Spring of 1989, individual letters were sent to prospective study families within

the identified neighborhoods. A fact sheet describing the study and the benefits of
participation was also included in this mailing (see Appendix B). Shortly after the mailing of
the study announcement, recruitment teams, consisting of two persons, visited each family to
personally invite them to participate in the soil-lead abatement project. At this visit, a brief
description of lead poisoning in children was given and why participation in die project could
benefit the community in general and their children in particular.

In addition, if the family agreed to participate, a written appointment reminder for
blood collection was given to the caregiver, along with notification that a fixed transportation
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A-PEND

Figure 3-3. Schematic diagrams of the Pendleton (Area A) and Flndlay (Area B)
neighborhoods.
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B2 - BACK

-DAND

Figure 3-4. Schematic diagrams of the Back and Dandridge neighborhoods, both in
Area B.
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C1 -MOHA

C2 - GLEN

Figure 3-5. Schematic diagrams of the Glencoe and Mohawk neighborhoods, both hi
Area C.
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Figure 3-6. Location of study areas and individual neighborhoods in the Cincinnati Soil
Lead Abatement Demonstration Project.
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expense reimbursement would be provided by the project. Referral names of other potential
participants were solicited.

Several days prior to the blood collection appointment, an appointment reminder was
mailed and/or a reminder phone call was made to each family to encourage compliance.

A second census and enrollment period was conducted in 1990 using the same
procedures as above. The first blood collection for these individuals was in Phase 05 (June-
July 1990).

3.2.5 Community Relations
The Soil Project was announced with a city-wide, press conference conducted by the

University of Cincinnati Department of Environmental Health and the City of Cincinnati
Department of Health. The press conference was well attended by all media. (Videos of the
television coverage were utilized in employee orientation sessions.) Subsequent
announcements were made to local community leaders and property owners through small
meetings, letters with an accompanying project fact sheet (Appendix C), and phone calls.
Initial contact with potential participating families was made by individual letters and fact
sheets and followed up with visits to individual homes to describe, in detail, project goals
and to answer any questions.

An inner-project communication form was used to alert staff to family questions or
concerns. Use of this communication mechanism allowed for greater staff/family rapport and
enhanced continued family participation.

Location of the field office within the study area provided the families with convenient
access to project staff. Staff remained visible and available in the study neighborhoods as
well.

Prior to each abatement phase, letters were sent to community leaders and property
owners describing the abatement procedures that would be implemented and alerting them of
a potential community disruption that might occur as a result of the abatement (temporary
playground closure etc.). Personal visits were made to property owners or tenants if
appropriate.

Interaction with health and public works agencies was maintained throughout the
project. Blood lead results were provided with subject consent to physicians and/or health
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care facilities to eliminate duplication of blood lead testing; i.e., blood lead screening efforts
by the Cincinnati Health Department clinics. Further, close communication with the
Cincinnati Lead Screening Program was maintained throughout the project, alerting them to
children requiring more aggressive follow-up as indicated by Centers for Disease Control
(CDC) guidelines. Project staff provided assistance to the Health Department in the tracking
of study participants with elevated blood lead.

Project presentations were made to several interested community groups describing
project plans and goals as well as providing general lead poisoning prevention information to
the community.

Quarterly newsletters were sent to participating families to keep them informed of
project activities and timelines. These newsletters also included general community
information and activities as well as other timely articles (see Appendix D).

With few exceptions, the soil-lead demonstration project was well accepted by the study
neighborhoods.

3.2.6 Subject Retention Plan
Several techniques were employed to maximize continued family participation. Caring

and attentive staff were key factors in continued family participation. Because of the
intrusive nature of the project, families often needed encouragement by project staff to keep
blood collection, interior sample collection and interior abatement appointments.

Continual family communication was maintained throughout the project. Special family
events were recognized such as family birthdays, new births and special holidays. Quarterly
newsletters were sent to individual families and caregivers were encouraged to contribute
articles or favorite recipes to the newsletter. Caregivers were encouraged to share photos for
the "Kids Photo" door at the project office. Periodic phone calls and home visits were made
to the caregivers simply to provide individual attention to the family.

To ensure families would not incur any expense associated with project participation, a
fixed transportation reimbursement ($10) was provided each time a family came to the
project office for blood collection. Also at the five blood collection times, each child
received a modest gift. Sunglasses were a favorite choice.
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Family mobility posed the greatest retention challenge. Often times, by moving,
families were able to improve their standard of living. Moving meant further project
participation was not possible based on project study design. Families moving during the
course of the study accounted for most (98%) of the attrition. Three families were dropped
from the study for repeated failure to keep scheduled appointments.

The new carpets and furniture provided as part of the interior dust abatement also
served as an incentive to remain in the study for the control group (C). However, since
these new furnishings were distributed to families in Areas A and B early in the study
(August-September 1989) their value as an incentive in these two areas was primarily as an
incentive to join the study.

3.2.7 Human Subject Research Review Process
The University of Cincinnati and federal and state statutes require that all research

projects involving humans be prospectively reviewed and approved by the Internal Review
Board (IRB). The IRB's role in human research is to protect the rights of research
participants; approve research protocols that do not pose undue risk to subjects; ensure
subject understanding of the nature of the research and finally, ensure that the subjects's
participation was voluntary (consent form signature).

Therefore in early 1989, a detailed research protocol and consent statement was
submitted to the University of Cincinnati IRB for review. Approval to conduct this human
research project was obtained prior to the recruitment of participants in May 1989.

Subsequently, annual progress reports have been submitted to the IRB as required.
Copies of the approved consent, medical release of information and withdrawal forms are
included in Appendix E.

3.3 ABATEMENT PROCEDURES
The effects of three lead abatement strategies: soil abatement, exterior dust abatement,

and interior dust abatement, were investigated as part of the Cincinnati Soil Project (CSP).
At the beginning of the project in 1988, there was limited technical information available on
the conduct of such abatements. Then, as now, the only cost-effective method for the
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abatement of lead-contaminated soil was removal and replacement. Consequently, that was
the method selected.

Very little reliable data was available on the effectiveness of exterior and interior dust
abatement procedures in use at that time. This lack of information required a significant
effort to be expended on the development of effective protocols suitable to achieve the
desired reduction in lead exposure. The abatement procedures to be used also had to be
compatible with the specific requirements of a research project. Developing the interior and
exterior abatement methods was the first major focus of abatement-related activities at the
beginning of the Cincinnati Soil Project.

The second major focus of activities was the development of procedures necessary to
perform the abatement work through the University of Cincinnati, a state institution. Certain
difficulties were anticipated because some of the abatements were significant, invasive
procedures performed on both private and pubb'c properties in an urban environment. The
problem was compounded even further by the fact that the majority of the study population
was expected to reside in rental property. Thus it would be necessary to solicit participation
from families living in the rental units and additionally solicit the cooperation of the owners
of that rental property. This also compounded the liabilities associated with the abatement.
The University of Cincinnati would be responsible for damage both to the real property of
the landlords and the personal property of the renters, the participants in the research project.
Since the abatement was to take place in an urban environment other liabilities included
health and safety issues associated with handling lead-contaminated materials in populated
areas and operating heavy construction equipment in the same environment. Additional
concerns resulted from the uniqueness of the project. It was very unusual for a public
institution to make significant improvements such as the reduction of lead, on private
property.

It is necessary to define abatement as it was performed by the Cincinnati Soil Project.
The overall objective of the Soil Project, as stated elsewhere in this report, was to determine
if reducing exposure to soil lead, exterior dust lead, and interior dust lead would result in a
reduction in blood lead and/or hand lead in young children. Since there was no legal
requirement to perform the abatement, all participation by families and property owners was
voluntary. This resulted in some restrictions to performing a complete lead abatement.
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Additionally, budget constraints also prevented total abatement of the lead in the
neighborhoods where the research took place. Because of these constraints all of the
environmental lead was not completely abated, exposure to lead was only reduced. The
official name of the project suggests that it was not an abatement project. The Cincinnati
Soil/Lead Abatement Demonstration Project was in fact an abatement demonstration project
not an abatement project. That concept helped guide some decisions made during the
planning and execution of the project.

3.3.1 Interior Dust Abatement Methods Development
Lead dust exists in residential buildings in a variety of locations. Lead can be found in

the dust on floors and carpets. It can be distributed in the heating, ventilation, and air
conditioning (HEPA) system, attics, basements, furniture, and closets. In 1989, the
distribution of lead in residential units was investigated in an interior dust abatement project
in the South Riverdale neighborhood in Toronto, Canada where a secondary lead smelter was
the major source of the contamination. A pilot project (involving eight houses) was
conducted prior to the abatement of lead which occurred in over 800 homes. The lead
removed from the eight houses was distributed in the following manner:

Floors (dry removal) 42%
Surfaces (wet removal) 8%
Furnace Ducts 30%
Other Sources (dry removal) 16%
Other Sources (wet removal) 4%

The majority of the housing in the Cincinnati Soil Project was expected to utilize either
steam or hot water heating systems, thus there would be no heating (furnace) ducts. Based
upon this information and the overall goals and limitations of the Soil Project, in early
decision was made to concentrate the abatement activities on the floor dust and that dust
which accumulates on ledges, window sills and window wells. Interior methods development
focused on determining effective and efficient methods for reducing dust on the surfaces.
Because the floors in rehabilitated housing in urban Cincinnati were expected to be wood,
vinyl, or carpet, an effort was made to develop an efficient and effective procedure to abate
lead dust on wood and vinyl floors and carpet.
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3.3.1.1 Development of Abatement Methods for Wood and Vinyl Floors
In order to test the effectiveness of proposed floor cleaning procedures, homes with

high levels of lead in the dust were needed. Such homes were located through other research
projects being carried out by the Principal Investigators of the Soil Project and other
investigators within the Department of Environmental Health. These projects involved
studying the effects of lead exposure in young children. The records from these projects
included data on both lead levels in the interior dust and data on floor type. From those
records it was possible to obtain a b'st of individuals meeting the following criteria:

(1) currently or recently active in other lead research projects;

(2) high lead concentrations in the interior dust;

(3) either carpet, vinyl, or wood flooring or a combination of those flooring types.

Because of these subjects' positive associations with University of Cincinnati researchers in
the past, it was generally easy to obtain permission from those study participants to test
cleaning methods on different wood and vinyl floors.

The questions to be answered in these homes were:
(1) In order to reduce dust lead to an acceptable level with a high efficiency particle

accumulation (HEPA)-equipped vacuum cleaner, what rate of speed should the
operator use and how many times should the floor be vacuumed?

(2) Would wet washing remove additional lead?

The testing procedure was as follows:

(1) Three separate squares, one meter by one meter, were delineated on the surface
of the floor type being tested.

(2) A separate dust sample was collected using the dust vacuum method (DVM) (for
a description of the DVM see Interior Dust Collection in the Mid-Term Project
Update) from a 25 x 25 cm area from within each of the one meter squares.

(3) A bag for a HEPA-equipped vacuum cleaner was tare-weighed and installed. (In
this study a Nilfisk GS80 was used.)

(4) The three squares were then vacuumed with the Nilfisk at the rate of 60 seconds
for each square meter.

(5) The vacuum bag was removed and weighed after this cleaning.

3-16



(6) A second DVM sample was collected from each of the three squares and the
squares were cleaned again with the vacuum cleaner.

(7) The process was repeated until the squares were cleaned a total of five times and
sampled a total of six times.

(8) Each of the squares was then washed with 1,500 ml of tap water from the
residence. The washing was performed by a technician using a new sponge and
wearing rubber gloves. An aliquot of 500 ml was taken from each of the wash
buckets. A 500 ml sample of clean water from a wash bucket was also collected
to provide data on background lead levels in the tap water.

(9) A final DVM sample was collected from each square.

All of the dust samples and water samples were analyzed for lead concentration. The final
result of this series of tests indicated that the lead concentration in the dust dropped from an
average of 1,121 ppm to below detection and the loading dropped from 178 mg/m2 to below
detection after the first vacuuming.

3.3.1.2 Development of Abatement Methods for Cleaning Carpeting
To determine the feasibility of cleaning carpets with a vacuum cleaner, three questions

were asked:
(1) Is there a difference among industrial type, HEPA-equipped vacuum cleaners in their

ability to remove lead dust from carpeting?

(2) How many passes at a specified speed with an industrial-type, HEPA-equipped,
vacuum cleaner will reduce the surface lead dust to an acceptable level?

(3) Is wet carpet cleaning alone or in combination with dry vacuuming effective in
reducing surface lead dust?

In order to test the effectiveness of various industrial-type vacuum cleaners, manufacturers
were asked how vacuums differed. Vacuum cleaners are rated differently based upon two
characteristics:

(1) cubic feet per minute (cfrn) of air moved by the machine;

(2) the ability of the machine to lift a column of water a specified number of inches.
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Higher cfm of air moved and higher water lift were said to result in better performance.
Were these differences significant? Three different vacuum cleaners which varied in these
two characteristics were selected for testing (Table 3-1).

TABLE 3-1. COMPARISON OF HIGH EFFICIENCY PARTICLE
ACCUMULATION VACUUM CLEANERS

1) Nilfisk GS80
2) Wap 767
3) Euroclean UZ930

CFM
87

100
77

Waterlift
75"
90"
85"

In order to test these cleaners, it was decided to use the ASTM F607-86 Standard Laboratory
Method for Evaluation of Din Removal Effectiveness of Household Vacuum Cleaners. This
test procedure specifies "seeding" carpeting with known quantities of sand and talc,
embedding the material into the carpet, vacuuming die carpeting, and measuring the amount
of material recovered. Analysis of the data resulting from testing the three machines listed
above indicated the following:

(1) There was no significant difference between operators.

(2) There was a significant difference between vacuums.

In order to determine the number of passes required to reduce the surface lead dust
available to children, lead-contaminated carpets were needed. That need was again met by
families who were participating in other lead-related research projects. Families living in
high-lead environments, with carpets were contacted and asked if they would like to
exchange their existing carpet for new carpet. Those who agreed, all of those asked, were
offered a choice of carpets from three specified types and colors that a local vendor had in
stock. After the selection was made, the new carpet was ordered with edges bound.

The exchange was scheduled with the participant. A crew of three performed the
exchange which began with the collection of dust samples (dust vacuum method) from the
old carpet and the new carpet. A sheet of 6 mil Polyethylene was placed over the old carpet
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for the purpose of not contaminating the top of the carpet with dirt or dust from the floor or
bottom of the carpet. Enough plastic was left at the edges and the ends to seal the carpet in
the polyethylene in order to prevent contamination of workers, transport vehicles and the
laboratory where the research would take place. After the carpet was removed, the floor
was vacuumed with HEPA-equipped vacuum sweeper and the dust was saved for later
analysis. The new carpet was unrolled and the furniture was put back in place. Photo and
time records were made of the process for use in the development of specifications for the
abatement contractors.

The lead-contaminated carpets were then taken to a research laboratory at the
University of Cincinnati where graduate students vacuumed one-meter square areas at fixed
rates of speed. Dust samples were taken between each vacuum treatment. These tests
indicated that even after ten passes at the rate of one minute per square meter with a HEPA-
equipped vacuum cleaner (Nilfisk GS80), significant surface lead dust remained.

In order to test the effectiveness of wet cleaning, a Rug Doctor steam cleaner
manufactured by the Rug Doctor Co. of Fresno, California was used to perform a series of
tests in which carpets were first dry vacuumed and then steamed cleaned. Additional tests in
which carpets were steam cleaned and then dry vacuumed were also performed. The results
indicated that neither sequence was adequate to remove surface lead dust to an acceptable
level.

The final conclusion reached from this series of tests on carpets suggested that it is
more economically feasible to replace carpet than to clean carpet.

Earlier data from other investigations carried out within the Department of
Environmental Health have demonstrated that just as it is difficult to remove lead from
carpet, it is also difficult to remove lead from upholstered furniture. Because of this, and
because of our recent data on carpets, it was decided not to do any further research on the
removal of lead from furniture.

3.3.1.3 Interior Dust Abatement Procedure Summary
Interior dust abatement followed the completion of exterior dust abatement in an area if

both occurred during the same time period. Interior dust abatement consisted of a
combination of vacuuming with a HEPA equipped vacuum and wet cleaning non-carpeted
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surfaces (including window sills and wells) with a detergent. The vacuuming of floors was
performed two times, each at a rate of one minute per square yard, followed by damp
mopping with a detergent solution; carpets were vacuumed a total of three times at a rate of
one minute per square yard each time.

Selected carpets and upholstered furniture were also replaced. Residents with one child
in the study were provided with replacement carpeting for one common room, for example
the living room, plus the child's bedroom. Residents with two or more children in the study
received an additional carpet for a total of three carpets. Residents with a child in the study
were also eligible for the replacement of one standard sofa and one standard chair.

Interior dust abatement procedures were selected after extensive methods development
which revealed that chronically-contaminated carpets were not able to be effectively cleaned
even after numerous vacuuming effort with a HEPA-equipped cleaner. More details on the
interior cleanup methods development are presented in a manuscript in Appendix F.

3.3.2 Exterior Dust Methods Development
Lead-containing dust exists in the exterior environment on a variety of surfaces. The

most common of these surfaces are streets, alleys, sidewalks, parking lots, steps and porches.
The largest surface areas which were to be cleaned as part of the abatement, were the streets,
alleys, and parking lots. Street cleaners would be the obvious equipment for use in cleaning
these large areas. Small walk-behind units or vacuum cleaners appeared to be the most
efficient equipment for sidewalks and other small areas.

3.3.2.1 Types of Pavement Cleaners Available
The first step in determining the most efficient street cleaners available for abatement of

exterior dust was to determine the scope of available equipment. An initial survey of all
street cleaner manufacturers marketing products in the United States indicated four different
types of equipment. The four types differ in the particular mechanism used to remove dust
and debris from paved surfaces. These mechanisms are as follows:

(1) Broom sweepers

(2) Vacuum-assisted broom sweepers
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(3) Vacuum sweepers

(4) Regenerative air machines

The broom-type sweeper operates by one or more rotating brushes which move the dirt and
debris from the pavement to a conveyor, which then carries the material to a hopper. This
represents the first generation of mechanical street sweepers and has been used to clean city
streets for decades. These sweepers generally use water spray to control dust.

Vacuum-assisted broom sweepers represent a further advancement of this concept.
These machines operate by means of one or more rotating brushes which loosen dirt and
debris from pavements and move it toward a hopper. At this point the process is assisted by
means of moving air or a vacuum which pulls the dirt and debris into the hopper. These
machines sometimes use water spray to help control dust. The air is filtered by a variety of
filter types, some of which are effective in removing particles as small as 2-3 microns.

Vacuum sweepers operate principally by means of an extremely powerful vacuum
system. Some of these cleaners will also use a rotating brush to move debris and dust from
the curb to the head of the vacuum apparatus. In order to control dust generated by the
rotating curb brooms, a fine water spray is often used. The exhaust air from the vacuum
system can be filtered through a wide range of filter size. Most manufacturers provide a
final filtration range between 2-8 microns.

The final type of pavement cleaner is the regenerative air machine. This machine
operates by means of recirculating air system. The blower part of system directs a blast of
air onto the paved surface, and the vacuum part of the system pulls the same air back up into
the hopper. The blast of air loosens material on the paved surface and the vacuum pulls that
material back into the hopper. No filtration system is needed for this machine because the
air is recirculated through the system. Brushes are available to move material from curb
areas into the path of recirculating air system.

3.3.2.2 Exterior Dust Testing
Because of the large number of manufacturers and the variety of machines made by

each manufacturer, it became apparent that we would not be able to test all of the machines.
It was decided to test the different classes of machines. Because of the lack of dust-control

3-21



system on the broom-type sweepers, this class of machines was eliminated from
consideration. It was also readily apparent from observing the operation of these machines
and reviewing the literature that significant quantities of dust and dirt remain on the surfaces
cleaned by these machines.

The types of equipment to be tested were vacuum sweepers, vacuum-assisted broom
sweepers, and regenerative air machines. In order to see if one class of machines cleaned
better or more efficiently than others, several different machines within each sweeper type
were selected for evaluation.

Each test of a particular machine required 2 to 3 people and 3 to 4 h of time. The test
consisted of finding a "worst-case" section of pavement, i.e., a section of pavement outside
of the designated potential study areas, but similar to the worst kind of pavement within the
study areas. The "worst-case" was thought to be the brick-paved alleyways. By testing the
machines on these surfaces it would be possible to determine any differences that exist
among the machines.

The test consisted of delineating four 1-meter square areas in a row on the designated
pavement surface. The 1-meter squares were divided into four quadrants, designated A,B,C,
and D. Quadrants marked "A" were then cleaned by scraping and vacuumed with a small
portable vacuum cleaner in order to determine the original loading of dust on the surface.
The material removed from each "A" quadrant was weighed. The street cleaner being tested
was then driven across the four test squares. The quadrants marked "A" were recleaned with
our sampling vacuum and any dirt removed from those quadrants was weighed to
determining the amount of dirt/debris redistributed during the street cleaning process. The
four quadrants marked "B" were cleaned by the portable vacuum sampler and the dirt/debris
was weighed to determine, by subtracting from the amounts originally on "A", the amount of
material picked up by one pass or the street sweeper. The sweeper was then driven across
the four squares for a second time. After this vacuuming quadrants marked "A" were
brushed and cleaned with our small sampling vacuums and the material was weighed again to
determine any redistribution of material. The quadrants marked "B" were then cleaned, and
the material weighed as before, and finally the quadrants marked "C" were cleaned, and
material was weighed as before.

3-22



This test was repeated three times on one machine from each class of street sweepers.
Two or three machines from each class were tested at least one time with this described
method.

Analysis of the data collected from these tests indicated that several machines operated
at a level of efficiency so that 98% of the dirt was removed from the surface after two
passes. Selection of street sweeping equipment suitable for exterior dust abatement was
based upon the results of this testing. Any machine capable of removing above 95% of the
dust loading after two passes would be acceptable for the abatement work.

The results of the exterior methods development efforts are presented in an appendix.
Similar tests were carried out on walk-behind type pavement sweepers and industrial

type vacuum cleaners in order to determine the most effective machine available for cleaning
smaller paved surfaces.

3.3.2.3 Exterior Dust Abatement Summary
Exterior dust abatement occurred immediately after soil abatement was completed in a

particular area. Streets were generally abated one side at a time, principally because of the
requirement that the street be free of parked cars for complete abatement to occur. The
study areas generally have more on-street parking than off-street parking and it was not
practical to restrict parking on both sides of a street at any given time. Therefore, abatement
occurred one side per day with the alternate side abated the following day. The paved
surfaces were cleaned with vacuum equipment capable of removing greater than 99 % of the
dust after two passes as determined under test conditions. In some situations, hand tools
were needed to loosen material in cracks and crevices prior to vacuuming, particularly along
alleys and on sidewalks.

3.3.3 Soil Abatement Methods
At the beginning of the Soil Project, the soil abatement was expected to be

accomplished in one of three ways depending upon the concentration of lead in the soil
column (Figure 3-7). Some soil required resodding or, in some cases, the addition of topsoil
to a site or part of a site prior to resodding. The purpose of the topsoil was to provide a
base for the sod and/or to fill in the depressed areas, so that proper drainage could occur.
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Figure 3-7. Decision criteria for soil abatement. Hie original plan for w>U parcels with
the top 2 cm between 500 and 1,000 pg/g and the bottom 2 cm between 0
and 500 jtg/g was to cultivate and resod. Because a satisfactory method for
cultivating was not available, this soil was removed and replaced instead.

On some sites tilling was attempted as the appropriate method of abatement. Preliminary
testing suggested that mixing was not thorough, and delays in testing the adequacy of mixing
made the procedure impractical as we implemented it. A more thorough evaluation of this
method is needed. We elected to discontinue this method on this project and to remove and
replace the soil instead.

On those sites where the concentration of lead required the removal of soil, the soil was
excavated to a depth of six (6) plus inches and replaced with topsoil having a lead
concentration of less than 50 parts per million (ppm). Where excavation was required the
soil was removed by mechanical equipment either front-end loader or backboes or hand
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tools. It was loaded into hoppers or dump trucks and transported to an appropriate dump
site. During transport, hoppers or dump trucks were covered with tarps. Prior to loading of
hoppers or dump trucks, 2 mi-thick polyethylene was placed in the hoppers of dump trucks
to prevent soil from being spilled through cracks in the tailgate or beds of the transport
vehicles. In order to ensure that the soil was transported to the appropriate dump site, all
trucks were logged off of the abatement site by the Site Inspectors and logged into the
appropriate dump site by officials at the dump site. Appropriate techniques were used to
prevent spills of contaminated solid at the abatement site along with techniques for the
containment of dust. Excessively dry soil was moistened with water to control dust.
Replacement of soil was accomplished with a different set of equipment in order to prevent
contamination of replacement soil by soil or dust remaining on equipment used for
excavation. A program for the watering of sod began immediately after its placement and
remained in place during the summer months. Barriers were used when necessary during
soil abatement in order to protect people from injuries resulting from construction equipment.
Barriers were also necessary to prevent potential additional exposure to the residents in the
area.

The three abatement strategies for soil differed, depending upon the concentration of
lead in a 15 cm core. Those strategies were removing and replacing, followed by sodding;
cultivating, followed by sodding; and resodding. If the average lead concentration in the soil
in the 15 cm column was greater than 500 ppm, regardless of the adequacy of the grass
cover, the soil was removed and replaced and the area resodded. If the average lead
concentration in the column was less than 500 ppm but the concentration in the top 2 cm was
500 ppm or higher regardless of its grass cover, the area was cultivated, to reduce the
concentration in the top 2 cm to less than 500 ppm in both the top 2 cm and in the column
and resodded. For areas where grass cover was adequate and the lead concentration was less
than 500 ppm in both the top 2 cm and in the column, no abatement occurred. If the soil
lead concentration in the top 2 cm was 300 ppm but less than 500 ppm and the average
concentration in the column was less than 500 ppm and the grass cover was inadequate the
area was resodded. No soil abatement occurred in areas where the grass cover was
inadequate but the concentration in the top 2 cm was less than 300 ppm and in the column
the average was less than 500 ppm.
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In order to assign the specified abatement strategies to the sites in the study areas, the
preliminary soil lead concentrations from the initial soil survey were superimposed over the
original site maps that were used for sampling. The specific lead concentrations were written
on the sampling lines shown on the site maps. Since parcel boundaries were also indicated
on the site maps, we were able to tell which particular parcels required abatement by each
specified method. On sites where there was only one parcel it was clear what form of
abatement was necessary. On sites consisting of more than one parcel we used the following
criterion:

If all soil-lead concentrations on all parcels indicated the same method of
abatement, the entire site was abated in that manner.

If the lead values in the soil column indicated different methods of abatement for
individual parcels on a multi-parcel site, then we used the most extensive method
of abatement for any parcel requiring that method of abatement. In addition, any
parcels immediately adjacent to a parcel requiring the most extensive method of
abatement were abated in that manner. For example: A site containing five
parcels numbered 1, 2, 3, 4, and 5, where parcel 3 had lead values in the column
requiring removal of the soil and parcels 1, 2, 4, and 5 required resodding of the
area as a form of abatement, then parcels 1 and 5 would be resodded and parcels
2, 3, and 4 would have the soil removed and replaced.

3.3.4 Sequence of Abatement
The second important factor in the determination of abatement neighborhoods was the

presence of lead-contaminated soil. An initial soil survey was carried to characterize the lead
concentration in the soil in the potential study areas.

Abatement was carried out in a specified sequence that was integrated with the
environmental monitoring in the areas where abatement occurred. The preabatement
environmental monitoring was completed in an area prior to the beginning of abatement.
The particular sequence of abatement was soil abatement, exterior dust abatement and finally
interior abatement.

Exterior dust abatement occurred immediately after soil abatement had been completed
in a particular area. This work was carried out by contractors possessing the specified
equipment and expertise in cleaning large paved areas. Soil project personnel coordinated
the schedule of abatement work so that areas scheduled for abatement could be posted to
prohibit parking. Streets were generally be abated one side at a time, principally because of
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the requirement that the street be free of parked cars for complete abatement to occur. The
potential study areas generally had more on-street than off-street parking and it was not
practical to restrict parking on both sides of a street at any given time. We therefore
required abatement on one side the first day and the alternate side the following day.

Interior abatement followed the completion of exterior abatement in an area. Interior
abatement occurred after the residents were oriented by Soil Project personnel. This
preparation consisted of an explanation of what would occur and at the same time, the
resident was asked to select the color and texture of the carpeting that was to replace existing
carpeting. Soil project staff were responsible for insuring that the carpeting and furniture
was available at the time of the interior abatement. The interior abatement contractor was
responsible for vacuuming the dust from all ledges including baseboards, window sills, door
frames, etc. The contractor was also responsible for vacuuming all of the floors at a
specified rate, removing the carpet and furniture that was replaced, and installing the new
carpeting and furniture. These contractors were also monitored or inspected by the site
inspectors and the Cincinnati Health Department personnel working full-time with the
Cincinnati Soil Project.

Because exterior abatement frequently occurred on public property, it was necessary to
coordinate our activities with other agencies and utilities who commonly do work on public
areas. These agencies include the Sewer Department, Water Department, Highway
Department, Cincinnati Gas and Electric Company, Cincinnati Bell Telephone Company, and
private contractors who occasionally will do work on public property. In addition, we
wanted to be aware of any private construction projects planned or anticipated in the
abatement area. The reason for this was that we did not want to be in the middle of an
abatement procedure and have that process interrupted by private or public construction
crews who planned to excavate an area that was just abated or who would block access to a
street which we needed for abatement.

The major part of the coordination activity was performed by personnel assigned to the
Abatement Soil Project by the Cincinnati Health Department. These two individuals, a
Administrative Assistant ED and a Senior Sanitarian had primary responsibility for this
coordination. This coordination was initiated prior to the onset of abatement. In addition to
planned public works/utilities work with which we had to coordinate, there were also short-

3-27



term emergencies resulting from water main or gas line breaks or emergency road repairs.
These problems occur for many reasons and we had no control over their occurrence.
A procedure had to be established whereby we were notified as soon as possible, so that we
could alter our abatement procedures if necessary.

3.3.5 Monitoring and Supervision
Contractors performed their work under the supervision of their own superintendent,

who was responsible for the day-to-day operation of the abatement work. All of the
abatement was inspected by soil project personnel responsible for such inspection, i.e., Site
Inspectors. The Site Inspectors had the responsibility of informing the contractors' field
superintendent of the time at which abatement would begin in any area. The Site Inspector
also had the authority to stop work in any given area for just cause. Abatement work could
be stopped in the event of physical hazard to property or personnel or failure to perform
work according to specifications. The Site Inspector was not responsible for the day-to-day
supervision of the contractors' employees.

3.3.6 Contract and Specification Development
Separate contracts were necessary for the three types of abatement; soil abatement,

exterior dust abatement, and interior dust abatement. The three contracts were written with
some parts in common, such as bidder notices, form of proposal, bid guarantee, contract
bond, and contract form. Since the University of Cincinnati is a state institution, the format
of some of these sections was determined by the State of Ohio. The contracts differed
mainly in the section referred to as the "specifications". Specifications for the abatement
work were determined by the various abatement methods development work completed prior
to contract development.

The development of the abatement contracts began with the initial writing of the
contracts and specifications. As with other contracts, the abatement contracts were reviewed
by personnel in the Business Office in the Department of Environmental Health, the Risk
Management Office of the Medical Center, and the Legal Advisory Services of the
University of Cincinnati. Revisions were made based upon the needs expressed by each of
the departments reviewing the documents. Once the format of the bidding documents was
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approved, they were sent to the Purchasing Department of the University which has an
established bidding process for work contracted by the University.

3.3.7 Bidding and Contract Letting
The selection of the abatement contractors was made through an established University

of Cincinnati policy. This policy was implemented through the Purchasing Department.
Some University policies may serve to eliminate some contractors because they may not be
able to meet established regulation. Some of these regulations that may serve to restrict the
number of contractors bidding on the abatement work are:

- Any contract over $4,000 required the payment of prevailing wages.

- Bidders were required to post a ten percent (10%) bid bond.

- The contract required the posting of a one hundred percent (100%) performance bond
along with separate material and labor bonds.

- Contractors were required to conform with Ohio State Affirmative Action regulations.

An additional requirement that was imposed by the management of the Soil/Lead Project was
a liquidated damages clause in the contract. This also served to limit the number of
interested and qualified contractors.

Contractors who could generally meet the requirements established by the University
had equal opportunity to submit the low bid and be awarded the contract. Soil Project
management established some policies which had the potential to influence the final selection
of the abatement contractors. We were able to construct the bidding documents such that we
retained the right to reject a low bidder based upon that bidder's reputation or previous
experience with the University of Cincinnati. Management was also able to influence the
selection of contractors by requiring that all contractors bidding on the abatement work
attend a pre-bid conference. This conference served to assure that the contractors totally
understood the requirements of the project. Soil Project Management evaluated all
contractors based upon previous performance on jobs performed for the University of
Cincinnati, other institutions, companies, and individuals.
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Because of the unavailability of acceptable low bidders, the Soil Project served as the
general contractors for the soil and exterior dust abatement in 1989 and for interior dust
abatement in 1991.

3.4 BLOOD COLLECTION AND ANALYSIS
3.4.1 Blood Collection

Blood samples were collected five times over the course of the study with each period
falling approximately six months apart. Table 3-2 shows the begin and end dates of
sampling during each phase.

TABLE 3-2. BLOOD COLLECTION SAMPLING PHASES

Phase #

01
03
05
07

09

# of Samples
Collected*

410
244
284

230
199

Date Sampling
Began

6/07/89
10/16/89
6/18/90
11/07/90
6/10/91

Date Sampling
Ended
8/10/89
12/7/89
7/24/90
12/10/90
8/08/91

Includes subjects, adults and siblings.

The clinic used for the collection of samples was within the field facility located in the
downtown area of Cincinnati near the study area. The room for sample drawing was totally
separated from any other field activities and was off limits to all those not part of the clinic
staff. The total clinic operation consisted of registration, an interview obtaining
demographic, housing and secondary residence information, signing of an informed consent
form and then finally the collection of the blood samples.

Blood samples were collected by phlebotomist trained in the proper techniques for
obtaining samples for lead analysis. They were instructed in a thorough cleaning technique
of the venipuncture site and also to avoid contamination of the sample or blood collection
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supplies. The Centers for Disease Control assumed the responsibility for providing the
pediatric Vacutainer1* tubes and the butterfly apparatus for sample collection. All supplies
were randomly screened by them for lead contamination.

Blood was collected for the analysis of lead, free erythrocyte protoporphyrin (FEP),
hematocrit, hemoglobin, serum iron (SFe), and total iron binding capacity (TIBC). In the
event a venous sample could not be obtained a fingerstick sample was collected. Of the
1,367 blood samples obtained, 65 (5%) were fingerstick collections. For venous samples,
4 ml of blood was drawn into a 6 ml disposable syringe attached to a 23 gauge butterfly
apparatus. Approximately 2 ml of blood was immediately dispensed into a potassium
ethylene diamine tetracetic acid (K3EDTA)-containing pediatric Vacutainer™ tube to be used
for PbB, FEP, hematocrit and hemoglobin. The remainder of the blood was placed into a
second tube that contained no anticoagulant or additives. This was used for SFe and TIBC.
If a fingerstick sample was required the capillary blood obtained was used for PbB and
hematocrit only.

After collection, all K3EDTA tubes were thoroughly mixed on a Nutator™ and both
tubes refrigerated. Clinic personnel made deliveries of the samples to the lab within 4 h of
drawing and twice a day if needed. Once received by the lab staff, aliquots were taken for
PbB analysis, hematocrits and hemoglobins performed, and the remainder of the whole blood
sample refrigerated until analyzed for FEP. The clotted sample was centrifuged, the serum
extracted and frozen for future SFe and TIBC analysis.

3.4.2 Analytical Procedures
Blood for lead analysis was determined by Anodic Stripping Voltammetry (ASV) on the

ESA Model 3010 A Trace Metal Analyzer according to the method of Roda, et al., Clinical
Chemistry, Vol. 34, 563, 1988. The method involved aliquoting 100 n\ of well mixed,
whole blood into a metal decomplexing agent (Metexchange Reagent). This solution was
placed on a mercury coated graphite electrode whereby using controlled potentials, metals
were plated, and stripped. The current generated was picked up by a recorder. The peak
heights which are proportional to concentration were measured and the concentration of Pb
calculated from standard curves. All samples were analyzed in duplicate.
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The analysis of FEP was performed by the method of Chisolm and Brown (1975). It is
a double extraction method using ethyl acetate/acetic acid and hydrochloric acid. The
fluorescence intensity of a sample was measured on a fluorometer and the concentration of
the sample determined from a protoporphyrin standard curve. A 20 pi aliquot of whole
blood was used for the analysis.

Hematocrit or packed cell volume is the total volume of the red cell mass expressed as
a percentage of the whole blood volume. It is determined by centrifugation. The
Cyanmethemoglobin method is a spectrophotometric technique used for the measurement of
hemoglobin in a whole blood sample. The method was calibrated against a certified standard
and the absorbance of 20 pi of whole blood in a reagent measured at 540 nm.

Serum iron and TTBC were measured by a technique called controlled potential
coulometry on an ESA Ferrochem n Analyzer. The current resulting from reactions at the
surface of the test electrode in the instrument is proportional to the concentration of iron (Fe)
in the sample. The instrument automatically calculates and displays the unknown Fe and
TTfiC concentration in pg/dL. For Fe, 25 pi of serum was used while 100 pi was required
for TEC.

3.4.3 Quality Assurance/Quality Control
Validation of the quality of PfaB and FEP measurements was accessed in part by

participation in several proficiency programs. One program sponsored by the Centers for
Disease Control provides participants with three unknown bloods per month per analyte.
Results were compared to the consensus values established by reference and participating
laboratories. Another proficiency program that we participate in comes through the College
of American Pathologists. Blood samples were sent by this group for blood lead
determination on a quarterly basis.

For the Urban Soil Lead Abatement Demonstration Project, additional procedures were
used to validate the quality of the PbB results. Field duplicates in the form of human blood
samples drawn from the same individual were split, given two different names and submitted
to the lab for the complete series of analyses. They were collected at a rate of at least 2
individuals and 4 samples per week. In addition, 4 blood samples of different concentration
were supplied by the Centers for Disease Control to test for any analytical or procedural
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variabilities within or among the three Soil Project cities. These samples were repeatedly
analyzed by each city prior to the beginning of the project. During the course of the study at
least two of the four were analyzed in duplicate with each set of unknowns. Furthermore,
one of the two was analyzed with its identity unknown.

Internally, the laboratory employed several additional techniques to monitor and control
the accuracy and precision of its PbB determinations. Human blood samples whose lead
values have been previously determined by isotope dilution mass-spectroscopy (IDMS), the
definitive method for lead determination, were incorporated into the analysis of the .
unknowns. In these instances, EDMS bloods were analyzed by giving them a fictitious name
so as to be unknown to the analyst when concentration was determined. Duplicate samples
of two different IDMS determined reference bloods were also analyzed with each set of
unknowns. The two levels used during the Soil Project had lead concentration of 5.3 jxg/dL
and 40.4 jtg/dL. Control charts documenting performance over extended intervals were
maintained for these samples. It should be noted the calibration of the instrument also
consisted of using whole blood samples whose lead concentrations were previously
determined by IDMS i.e., the instrument was calibrated with primary standards. As
mentioned, precision of FEP analysis was assessed by participation in the CDC proficiency
program. Assurance that the same instrument sensitivity was maintained was demonstrated
by periodically running a new standard curve. Another check was made by including in each
weekly run, blood samples of known porphyrin concentration.

Hematology controls supplied by Fisher Scientific Company were assayed at 6 mo
intervals to monitor the accuracy and precision of hematocrit and hemoglobin concentrations.
Serum Fe and TTBC determinations were evaluated by checking calibration against a
commercial control. In addition, to check reproducibility and instrument drift, repeated
analysis of aliquots drawn from the same human blood sample pool were analyzed over time.

Results for the QA/QC techniques discussed for all sample analyses can be found in
Section 4.4.
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3.5 ENVIRONMENTAL SAMPLES
3.5.1 Environmental Sample Collection

Following are brief descriptions of environmental sample collection and preparation
procedures. Detailed descriptions of these methods are contained in appendices to this
report. A training manual for paint and water sampling is presented in Appendix G.

3.5.1.1 Soil Sample Collection
A. Soil Sample Collection Protocol

1. Site identification
Aerial photographs with ground verification were used to delineate the potential
abatement areas and the soil sites within the abatement areas.

2. Sampling Patterns and Sample Type?
The system of book, page, and parcel used by the Hamilton County Auditor
provided a working system for uniquely identifying a unit of land. In addition,
because parcels of urban land are generally of regular and consistent size and
shape, and large areas of soil are made up of adjacent parcels, the parcel served
to delineate the boundaries of a soil sampling area.

The four types of soil sampling patterns that have been established and the
situations where they are used are as follows:

Pattern Where Used
Line (source)* Parcels adjacent to buildings or other painted structures
Line (area)1" Parcels removed from sources such as buildings
Targeted** Bare areas or play areas within parcels
Small Areas Soil areas with dimensions less than about 10 ft.

"Line segment length not to exceed 40 ft.
**Targeted areas and line segments may lie in the same parcel.

Two types of soil samples were collected:

Surface Scraping: A composite of from 5 to 10 subsamples collected along
a line segment, or in a small area, or in a targeted area;
scraping depth = 0.5-1.0 cm.

Core Samples: A composite of from 5 to 10 subsamples collected along
a line segment, or from a small area; top depth =
0-2 cm; bottom depth = 13-15 cm.

3-34



Soil in a parcel which was adjacent to a potential source of higher lead
contamination, such as a building, received more intense sampling (line [source]
pattern) than soil which was relatively isolated from potential additional sources
of lead. The source pattern was believed to be the most appropriate to use in an
urban area, where most soil was near building foundations or streets, or was
previously built upon.

Sample line segment spacings are summarized as follows:

Line (source) Spacing: Line 1.1 = 0.5 m from boundary. The most typical
boundary is a building or a sidewalk. Line 2.1 =
10 ft. from boundary. Line 3.1 = 15-20 ft. from
boundary, depending on the width of the parcel.
NOTE: if a source exists on both sides of a parcel, the
numbering of line 1.1 is arbitrary.

Line(area) Spacing: Single line 1.1 along parcel centerline; or lines spaced
about 20 ft. apart in the case of an unusually wide
parcel (more than 30 ft.)

Soil areas which were too small to support a line pattern were randomly sampled,
following the guidelines for the small area pattern.

Targeted samples were also taken in appropriate areas such as bare areas or near
play equipment. Since the targeted samples were intended to reflect potential
higher exposure of children to lead in soil, only composited surface scrapings of
the soil were taken.

5. §ojl $arnpl$ Preparation

Samples were air dried for a period of at least five days.

Each sample was sieved twice; once with a number 10 sieve with a mesh size of
2 millimeters, followed by a number 60 sieve with a mesh size of 250 microns.
Soil passing through the number 10 sieve was called the "total sample". The soil
passing through the number 60 sieve was called the "urban sample". (Most of
the analyses are performed on the "urban" sample.)

3.5.1.2 Exterior Dust Collection

A. Exterior Dust Sample Collection Protocol

1. Collection Apparatus

The exterior dust samples were collected on paved areas with a battery-operated
portable vacuum of the type used to vacuum automobiles.
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A minimum of three sub-samples of dust from 0.5 ft. x 2 ft. areas made up a
single composite exterior dust sample.

Three exterior dust sampling strategies were used,

a. Neighborhood-wide sampling of abatement area

Composite samples were taken along designated blocks which did not exceed
500 ft. A template area was sampled no less than every 100 ft. along this
length. For smaller areas, no less than four template areas made up the
composite.

Two areas were sampled which were defined as follows:

(1) Street gutter: the interface of the street surface and the curb.

(2) Sidewalk: the edge of the sidewalk farthest from the street; or alternately, when a
building abutts the sidewalk, the interface of the sidewalk surface and the building.

Since streets and sidewalks were not assigned parcel numbers on the Hamilton
County Auditor's plat maps, an extension of the book, page and parcel system
were used to assign a numerical identifier to the streets, sidewalks, and alleys to
be sampled.

Alleys were also sampled. For sampling and "parcel" designation purposes, the
alley were treated as if it was one side of the street; one composite sample from
the street gutter on both sides of the alley were collected, as well as a single
composite sample from each sidewalk or similar area if it exists along each side
of the alley.

In addition to sampling within the abatement area, the same type of sampling was
done in an approximately 200 ft. "buffer zone" which surrounded the abatement
area. [This "buffer zone" also received exterior dust abatement of streets,
sidewalks, and alleys and was therefore sampled to determine abatement
effectiveness and recontamination rates.]

b. Partially or completely paved parcel sampling.

Exterior surface dust was collected from paved areas within soil parcels such as
paved walkways. Exterior dust was also collected from completely paved parcels
such as parking lots. A composite sample of at least four subsamples were
collected from an area consisting of 4,000 to 8,000 square feet.
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c. Samples targeted to subject residences

Exterior dust samples were collected around the building where study subjects
reside. Two samples were collected around each building. One sample was a
composite of no less than two template areas from the sidewalk area adjacent to
the main entry of the building. The second sample was a composite of areas
from the other three sides, if paved.

Exterior dust sample preparation was similar to that for soil.

If a sample was larger than 200 grams, it was split to reduce the size to
approximately 100-200 grams. The following guidelines were followed in splitting
samples.

1. Samples weighing between 200-400 grams were split one time.
2. Samples between 400-800 grams were split two times.
3. Samples between 800-1600 grams were split three times.

3.5.1.3 Interior Dust Collection

A. Surface Dust Collection Protocol

1. Collection Apparatus for Vacuum Method

The apparatus used to collect surface dust was a personal air monitoring pump,
an air monitoring cassette containing a 37 mm diameter 0.8 micron polycellulose
acetate filter, and a collection attachment.

Interior dust was sampled from areas such as the floor adjacent to the entry; from
carpeted or bare floors; from window sills and window wells.

A sample of dust was collected over a measured area, or composite of measured
areas so that three measures were obtained:

Dust Loading = mg dust/m
Lead Loading = pg lead/m
Lead Concentration = pg lead/g dust or ppm lead.

2. Supple Areas

Entry (E): A floor area inside the residence directly adjacent to the main entry
to the residence.

Floor (F): A composite sample of at least 3 floor areas which includes but is not
limited to a sample from a high-traffic area in the main living area and a sample
from the child's bedroom.

3-37



If carpet was present in the residence it was the first choice of sample area. If
carpet was not present, a mixture of non-carpet floor areas were sampled.

Window (W): A composite sample of at least three window areas (window sills
and window wells), including but not limited to a window in the main living area
and a window in the child's bedroom. The window sill was the preferred area
for sampling; window wells were sampled if an adequate amount of dust was not
available on the window sills.

Mat (M): The floor mat was sampled when it is put in place in the interior entry
area in the home at the post blood draw environmental visit and was sampled
again after the year's abatement activities are completed. At this time it was
replaced and sampled at each subsequent environmental visit occurring over the
next year.

B. Dustfall Collection Protocol

Dustfall samples were collected in polypropylene containers which had snap on lids.
The containers had the dimensions 10 1/8 in. X 9 3/4 in. x 2 1/2 in. deep. They
were "Tupperware"-type containers.

The dusrfall containers were placed in the residence at the time of preabatement
visits in 1989 and 1990. In practice, it was best to place the container above floor
level in a relatively inconspicuous spot so that no one interfered with it. The first
choice for placing the container was placed on top of the refrigerator in the kitchen.
If this was objected to by the family, a nearby location was found.

3.5.1.4 Hand wipe Sample Collection

A. Sample Collection Protocol

Collection of the hand-lead samples were done at the conclusion of each visit to a
residence.

The person collecting the hand-lead samples wore disposable gloves. The person
collecting the hand-lead samples cleaned his/her own hands with a disposable wipe
from a separate container of wipes kept for this purpose before touching the gloves
or other equipment. Once the gloves had been put on they were also cleaned well by
using additional clean wipes. For each residence, where one or more child's hands
was sampled, a field blank was taken. This was done in the following manner. Six
wipes were removed from the container, handled to simulate wiping a child's hands
and then placed in a single bag and submitted for analysis.

Lead in dust on children's hands was sampled by wiping each hand of the child with
three separate commercial Wet-Wipes. All surfaces of the hand, front and back, up
to the wrists, were wiped thoroughly with each of the three wipes. The wipes from
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each child were composited in a single scalable bag for transport to the laboratory.
The total quantity of lead was reported in /xg lead/pair of hands.

3.5.1.5 Water Sample Collection
Two 125 ml water samples were collected from each family participating in the

Cincinnati Soil Project. Those were the W-l sample which was a 30-min stagnation sample
and W-2 which was an overnight stagnation sample. Stagnation samples were collected in
order to provide some uniformity of samples and to determine the amount of lead which was
dissolved in the water over a fixed time period. Collection of the water samples occurred
during Phases 4 and 8 in the springs of 1990 and 1991, respectively.

The 30-min stagnation sample was collected by the Soil Project staff of environmental
monitors during visits to the residents of participating families. Lead-in-paint monitoring
was also completed during this visit. At the time of the visit directions and a collection
vessel for the overnight stagnation sample, W-2, were supplied to a responsible adult. The
sample was picked up the following morning from the residence by environmental monitors.

3.5.1.6 Paint Collection by Portable X-ray Fluorescence
The concentration of lead in paint was determined by using an X-ray fluorescence

analyzer. Two types of instruments were used, the XK-2 and the XK-3, both manufactured
2

by Princeton Gamma-Tech, Inc. The XK-3 with a range of 0-10 mg of Pb per cm was the
primary instrument used. The XK-2 was a backup and also used in the event a reading on
the XK-3 exceeded 10 mg/sq cm2.

In each residence two surfaces, a painted woodwork and a painted wall in each of three
rooms or areas most frequently occupied by the subject child were evaluated (e.g. child's
bedroom, kitchen, living room). One reading was taken at three different locations on each
type of surface.

A wall and/or trim immediately exterior to the dwelling unit entry was also sampled.
The sample paint sites on the exterior of a building was only examined with the owner's
permission.

3-39



3.5.2 Environmental Sample Analysis
3.5.2.1 SoU
Soil Analysis

SoU samples were analyzed by XRF on a Kevex Delta Analyst Energy Dispersive X-ray
Spectrometer. Prior to analysis samples were air dried on a plastic plate to constant weight.
Each was then sieved by fust passing the sample through a 2 mm sieve (Total SoU Fraction)
and after removing a portion passing the remainder through a 250 pm sieve. This sieve
sample was termed the Urban SoU Fraction and is that which was analyzed by XRF.

For determination of lead, two grams of the sieved soU (Urban SoU Fraction) were
placed into labeled XRF sample cups. Operating conditions for the instrument were
originally set at 30 KV, 0.5 mA, 100 lifetime seconds acquisition time, and using a Mo
secondary target. The analytical conditions removed escape peaks but not background and
used the intensity ratio of the Pb (La) peak and Mo (Ka) to quantify the lead against a
quadratic calibration curve. After careful examination of the method it was determined that
to increase accuracy and precision it was necessary to operate at the following conditions:
30 KV, 0.5 mA, 200 lifetime seconds and the Mo target. Analytical conditions removed
escape peaks and background and now would use the L/S Pb peak instead of La. This was
ratioed against Mo Compton-Raleigh peak. Calibration no longer used one quadratic
formula, but through statistical evaluation of significance of standard curves, 2 different
linear equations with a break point of 4,500 ppm were used. Also, opposite to what was
done previously, concentration became the independent variable and intensity ratio the
dependent variable in establishing the concentration of Pb from the standard curve formulas.
The change in methods occurred after Phase 00 starting with sample #4608. The lead
content of all samples analyzed prior to that were recalculated using data accumulated from
reanalysis of a portion of samples and controls.

Soil Quality Assurance/Quality Control
Field lab blanks and Meld duplicates were collected and used to evaluate the quality and

precision of all aspects of soil sample handling and analysis. Field lab blanks consisted of
material obtained from a sand/gravel quarry in Cincinnati. There were three types of native
so Us provided:
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1. Lake beds clays possibly Wisconsin glacial stage, 20-25,000 years old.

2. minion Till, 125,000 years old.

3. Pre-glacial Fleuvial (river) sand, 150,000 years old.

Portions of these samples were bagged, so as to resemble samples collected in the field,
taken out into the field, numbered to occur randomly among the unknown samples and
returned to the field lab to be sieved with the unknowns. Analysis also occurred randomly
with the rest of the samples.

A field duplicate was obtained within 6 mo of the original sample. These were
collected for one out of every 10 unknowns. Because lots or yards around residences are not
homogenous and man-made changes may occur over time, the field duplicates were actually
only a rough estimate of precision and reliability of sample collection.

Four different concentration soil samples were prepared by the U.S. Environmental
Protection Agency (EPA)-Environmental Monitoring Systems Laboratory (EMSL) of Las
Vegas, Nevada. These samples were numbered and inserted as unknowns into the Soil
Project sample stream. Thus, at the time of analysis their identity was completely unknown
to the XRF lab technician. The lead concentration of these samples was established through
a round robin comparison by the 3 cities involved in the Soil Projects.

Laboratory QC consisted of weekly instrument energy calibrations and the analysis of a
lo and hi control to validate each run of 14 samples. Results for the soil QA/QC can be
found in Section 4.4.2.

3.5.2.2 Exterior Dust
Exterior Dust Analysis

Exterior dust samples were handled, sieved and analyzed the same as the soil samples.
The XRF method change (discussed above) occurred starting with exterior dust sample
#2497. Detailed descriptions for collection and analysis were present in the midterm project
update.
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Exterior Dust Quality Assurance/Quality Control
The types of QA/QC that were applied to soil analyses were also applied to the exterior

dust samples. In fact, the field blanks and EPA-EMSL Las Vegas QC samples were the
same materials as used with the soil sample analyses. The lo and hi controls were also soil
and also the same as used for soil analysis. See Section 4.4.3 for QA/QC results.

3.5.2.3 Interior Dust
Interior Dust Analysis

The interior dust collection method which yields small quantities of dust precluded
analysis of the samples by XRF. Consequently, all ulterior dust samples were digested and
analyzed by flame atomic absorption spectroscopy (AAS). The process began with the
removal of the dust from the plastic air sampling cassette. This was accomplished by rinsing
the entire inside of the cassette with distilled/deionized water into a pre-weighed, acid soaked
beaker. The sample was oven-dried and the weight of the sample determined. Acid
digestion occurs in 7 M nitric acid (HNC^), the sample was filtered and after heating brought
up to volume in 1 M HNC^. Flame AAS analysis of samples was performed on a Perkin-
Elmer Model 2380 instrument. Appendices I and n give a more complete description of the
procedures.

Interior Dust Quality Assurance/Quality Control
Overall monitoring of interior dust procedures was evaluated by using dust samples

supplied by EMSL. These samples, prepared by EMSL, consisted of a known amount of
dust added to an empty sample cassette. In order to disguise these samples, 28 fictitious
family, subject and residence identities were used. (These were the same identities as given
the blood field duplicates.) The assignment of samples to each identity was prepared at the
field office and then sent to the laboratory as having been collected from a real family
residence.

One in every 25 interior dust samples was collected in duplicate. These were collected
adjacent to the spot where the actual study sample were taken. Field blanks were also
collected for interior dust. This involved attaching an empty sampling cassette to the pump,
setting the pump on a table with the nozzle pointed up, and running the pump, collecting
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only air for 3 min (average amount of time required for the collection of an interior dust
sample).

Quality control was a part of each phase of sample handling in the laboratory. For
each set of samples a method blank was inserted at the beginning of the preparation step and
a reagent blank both before preparation and digestion. A National Bureau of Standards
(NBS) standard was incorporated into each days preparation of samples as well as duplicates
of a reference dust control. Another NBS standard was inserted prior to digestion.
Calculation of percent recoveries and duplicate analyses were also a part of the AAS
procedure.

Control charts and limits were kept to evaluate weight differences in method blanks as
well as changes over time in standard concentrations. Values for blanks outside the limit of
the determined balance error required corrections to be made to all other weights. Samples
with weights less than 2 mg were considered insufficient for analysis.

If more than three of the five QC samples were outside the established limits the entire
set was considered invalid. For the Soil Project 3 sets of 24 unknowns were not acceptable
according to the QC criteria. Results for interior dust QA/QC are in Section 4.4.4.

3.5.2.4 Interior DustfaU
Interior DustfaU Analysis

The analysis of the dustfall samples was the same as previously described for interior
dust. The preparation of these samples, however, was different. The dust itself was
collected in plastic tupper-ware like containers with lids. The first step after opening the lid
was to remove any obvious foreign objects such as insects, leaves, pins, etc. The sample
was then quantitatively transferred into a 250 ml pre-weighed beaker, dried and weighed.
Digestion occurred using 7 M HNOj and analysis was performed by Atomic Absorption
flame Spectroscopy.

Interior Dustfall Quality Assurance/Quality Control
The only type of field QA/QC sample that can be acquired for dustfall is a field

duplicate. In our study 1 in every 25 dustfall containers placed in a home had a second one
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place beside it. There were no EMSL - Las Vegas controls supplied for insertion into the
dustfall sample stream.

As was the case for the interior dust analysis, lab method blanks, reagent blanks, lab
duplicates and controls were a part of the laboratory's standard operating procedures for
dustfall. In fact, after the original extraction of the sample from the container was weighed
the method proceeded exactly the same as that for interior dust. Therefore, all the QC was
combined and evaluation of the analysis consistent for both the interior dust and dustfall
samples. There were no dustfall daily sets that were rejected under the QC criteria.

3.5.2.5 Hand Dust
Hand Dust Analysis

Hand dust samples were comprised of a total of six wipes - collected from each hand of
the child. They were placed in a plastic zip-lock bag and submitted to the laboratory with
the other interior samples from the residence. There was also a field blank associated with
each residence taken at the time the child samples were obtained. This sample was used to
assess whether the environment or collection procedure contributed any contamination to the
study samples.

For the accuracy of the handwipe Pb concentration it was important that the supplier lot
number of the wipe material or "Wet-Wipes" be documented. From experience we have
found that the Pb concentration may vary from lot to lot by as much as 2.5 pg of Pb per
individual wipe. Not only was it important that the child's sample and field blank be taken
from the same lot but also the laboratory blank and controls. Thus, wipes were purchased in
case lots only, individual bottles were labeled with the lot number, bottles were supplied to
the lab, and records kept so that field and lab material would correspond.

Samples were digested using 7 M HNO3 heated on a hot plate at 120 °C for 2 h. They
were filtered, brought up to volume with 1 M HNC>3 and analyzed by flame AAS. Refer to
the Appendices for more detail.

Hand Dust Quality Assurance/Quality Control
Procedures instituted for the handling of the wipe material were very important to the

accuracy of hand dust Pb concentration. It was critical that field monitors were aware of the
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significance of lot number in the evaluation of the field blank and in the determination of the
analytical QC to be used for the sample. Field blanks were obtained prior to the collection
of the residence's bandwipe samples and consisted of removing six wipes from the container,
handling them to simulate wiping a child's hands and placing them in a sample bag for
submittance to the laboratory. The concentration of these samples was used to evaluate the
potential for contamination in the unknowns. Field duplicates for hand Pb could not be
obtained since both hands of the child are wiped and constitute the sample.

The EMSL - Las Vegas laboratory supplied handwipe QC samples to monitor overall
quality of the handwipe data. They had placed six wipes in a sample bag and spiked them
with a known Pb standard solution. The supplies required for these samples were provided
by us and again the importance that lot numbers be considered in the preparation of the
samples was communicated. In order to disguise the samples, the 28 fictitious families
instituted for QC purposes were used.

Within the laboratory, lab method blanks consisted of six unused wipes from the same
lot number of material as the samples, digested and analyzed in the same fashion as the
unknowns. Two lab method blanks and 1 reagent blank were analyzed with every
20 unknown samples. The mean of the method lab blanks produced an average value for
that day's analysis of unknown samples. That value was subtracted from each concentration
to produce a corrected /xg Pb; hands. Lab controls were prepared by pipetting standard lead
solutions (4, 20, 40 and 100 pg Pb/mL) onto six clean wipes in a beaker. These are also
from the same lot number of material as the unknowns and digested and analyzed
comparably. To validate their preparation each new set of solutions prepared were analyzed.
AAS duplicates and percent recoveries were also determined on final extracts. Quality
assurance/quality control results are in Section 4.4.6.

3.5.2.6 Water
Water Analysis

The water samples collected in the Cincinnati Soil Project were not analyzed by us as
originally proposed but by Environmental Health Testing, Inc. (EHRT) of Cincinnati. The
samples presented to them were aliquots of the original 125 ml acidified water. The
analytical method employed by EHRT was a direct analysis of the sample using Mg(NO3>2
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and NH4HP04 as matrix modifiers and on a Peridn-Elmer Graphite Furnace Atomic
Absorption Spectrometer (GF-AAS) with Zeeman background correction. The instrument is
described as being comprised of a microcomputer-controlled spectrometer, a graphite furnace
with Zeeman magnet, a microcomputer-controlled power supply for the graphite furnace and
a printer for automatic reporting of results. The injection site consisted of a paralytic coated
graphite tube with L'vov platform. Only 1 ml of sample is required for preparation and
25 n\ aliquots of the prepared sample injected into the furnace. Calibration is from
0-35 jig Pb/L and sample results are given in ng/L. The method detection limit is 1

Water Quality Assurance/Quality Control
Field blanks and field duplicates were parts of the collection procedure for water

sampling. Field blanks involved taking a 125 ml bottle of distilled/deionized H20 into the
home and allowing it to sit opened on the sink during the time the comparable study sample
was being collected. These were collected at 5 % of the residences. Duplicates were
collected at 10% of the residences and done immediately following the initial visit and
sample collection at the residence.

In the laboratory distilled/deionized water samples and controls were incorporated into
the samples sent to EHRT. It was specified to that lab that samples of a control should be
analyzed with each set of samples. In addition, all samples were analyzed in duplicate and
percent recovery determined on 100% of the samples submitted. Results are given in
Section 4.4.7.

3.5.2.7 Paint
Paint Analysis

The concentration of lead in paint was determined using two types of X-ray
fluorescence analyzers both manufactured by Princeton Gamma-Tech. The XK-3 instrument
has a range of 0-10 mg/cm and was the primary instrument used. The XK-2 model was
used as a backup and because of its extended range (0-75 mg/cnr) in the event the reading
exceeded 10 mg/cm2.

The measurement of the lead concentration in the paint is fully automatic. The
instrument is placed on a designated surface and the handle depressed. Usually within
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25 seconds the lead content of the paint will appear on the digital display of the instrument.
However, prior to taking any concentration reading the instrument must be calibrated (XK-2)
or the calibration must be checked (XK-3). This is accomplished by using various levels of
lead film supplied by National Institute for Standards and Technology (MIST).

Paint Quality Assurance/Quality Control
Proper calibration and instrument operation were important factors contributing to the

quality of the XRF concentration readings. The instruments were calibrated and checked
using NIST lead film. These lead paint reference materials were developed by MIST for the
Department of Housing and Urban Development. At each residence single paint calibration
checks were made at the beginning and end of all measurements. For calibrating the XK-2,
readings were taken with the zero lead standard, the 1.5 mg/cm standard, and the
2.99 mg Pb/sq cm paint standard. The XK-3 was checked by using the 0.6 mg/cm lead and

2the 2.99 mg/cm standards.
To avoid errors in registering an incorrect value, the operator read the number for the

other team member to record. This was then read back to the operator. Also to reduce the
precision error of a residence room one reading was taken at three different locations on each
of the two surface types and in each of the three rooms tested.

In addition to the XRF readings, a semi-quantitative evaluation of the condition of the
painted surface was made. Using a scale of 1-3 the surface tested was rated as intact, tight
paint or deteriorated. The paint condition and lead content was combined to give a weighted
paint hazard score that has been shown to correlate with blood lead in children.

3.6 HEALTH AND SAFETY PLAN
A Safety and Health Plan (SHP) was written and implemented for the Cincinnati Soil

Lead Abatement Demonstration Project in November 1988. The purpose of the plan was to
have a written set of work procedures and safety standards to protect workers' health and
safety. The plan was written by the projects Safety and Health Officer (SHO) and reviewed
by a team of safety and health experts. Revisions and updates to the plan were made
annually or as necessary.
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Contents of the Safety and Health Plan included:

Project Description,
Site Descriptions,
Organization and Coordination,
Site Characterization,
Training,
Employee Protection,
Medical Surveillance Program,
Site Control,
Decontamination,
Emergency Response, and
Standard Operating Procedures.

A publication describing the development of Safety and Health Plan and its initial
implementation appears in Appendix H.

Monitoring and controlling worker exposures to hazardous elements, including lead
dust, at the worksite were priorities of the Safety and Health Officer. Worker training,
medical surveillance, field and laboratory audits and personal air and sound level monitoring
were methods used to limit or prevent worker exposure to environmental hazards.

3.6.1 Training
All personnel potentially exposed to hazardous materials received basic safety and

health training before working with the project. All training sessions for new project
employees or contractors consisted of a minimum of the following topics.

1. Rights and Responsibilities
a. Safety and Health Plan
b. Occupational Safety and Health Administration (OSHA) lead exposure levels
c. Medical Surveillance Program

2. Hazard Recognition and Control
a. Site Characterization
b. Health Effects
c. Radiation
d. Hazard Communication

3. Work Practices
a. Standard Operating Procedures
b. Fire Prevention
c. Equipment Use
d. Acquired Immune Deficiency Syndrome (AIDS) Awareness
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4. Personal Protective Equipment
a. Protective Clothing
b. Respiratory Protection
c. Decontamination

5. Emergency Response
a. "Buddy System"
b. Contacting Emergency Resources
c. First Aid

Initial and annual training was conducted by the project's Safety and Health Officer
(SHO) and at times by other safety professionals. Training was in accordance with 29 Code
of Federal Regulations (CFR) 1910.1200 and recommendation for personnel exposed to
blood borne pathogens.

Training sessions were usually between two and 6 h in length and were modified for
specific job tasks. An example of an agenda for contractor training is attached as
Appendix I.

3.6.2 Medical Surveillance Program
The MSP was designed to assess and monitor workers' health and fitness before

employment and during the course of work, provide mechanisms for emergency and other
treatment as needed and detail methods for accurate record-keeping for future reference.

Medical surveillance was provided for all personnel who were exposed to hazardous
substances or health hazards. All expenses related to medical surveillance were borne by the
project. Medical surveillance included the following:

Pre-employment screening to assess the workers' health and fitness for his/her job was
provided to designated employees. The employer provides the examining physician with a
description of his/her job duties. The SHO provided a copy of 29 CFR 1910.120, 29 CFR
1910.1025, 29 CFR 1910.95 with appendices and other applicable OSHA standards or
guidelines, occupational health clinic for use by the examining physician.

a. Occupational and medical history, particularly with regard to cardiovascular or
respiratory disease; exposure to lead or blood-borne pathogens; and adverse
outcomes especially oeuromuscular, reproductive and gastrointestinal dysfunction;
musculoskeletal disorders or impairments; and atopic diseases.
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b. Comprehensive physical examination of all body organs (excluding pelvic and rectal
systems)focussing on hepatic, pulmonary cardiovascular and musculoskeletal
systems.

c. Baseline determinations by urinalysis, with differential, and Chem-23.

d. For personnel potentially exposed to contaminated dust or soil, baseline testing of
blood lead level and zinc protoporphyrin (ZPP) (or FEP).

e. For personnel whose exposures to noise equaled or exceeded an 8-h time-weighted
average of 85 decibels.

f. For personnel who wore respirators, a determination of fitness to wear a respirator
was made.

g. For personnel involved with environmental monitoring, physical capacity screening
evaluations were conducted to determine fitness for sample coring, if recommended
by the examining physician.

h. For personnel handling blood products, determination of the baseline hepatic profile
and hepatitis B antibody status is recommended; Hepatitis B vaccinations were made
available, as appropriate.

i. Environmental personnel were vaccinated against tetanus, as appropriate.

Periodic medical examinations were provided to monitor workers' health and fitness
during the course of work. These were compared to baseline data to determine biologic
trends that may mark early signs of adverse health effects, and thereby facilitate appropriate
protective measures. Included are:

a. Annual medical examinations.

b. Biologic monitoring for personnel exposed to potentially contaminated dust.

i) Blood lead every 6 mo.
ii) ZPP (or FEP) every 6 mo.

c. Audiometric monitoring for personnel whose exposures equaled or exceeded time-
weighted average of 85 decibels.

i) audiometric exam annually.

Medical examinations were provided as soon as possible upon notification that the
worker had developed signs or symptoms indicating possible over-exposure to hazardous
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substances or health hazards or that an unprotected employee had been exposed in an
emergency situation. Treatment was provided at the discretion of the examining physician.
If the cause was determined to be occupational, the SHO was notified.

Any employee who experienced a needle stick, cut, human bite or mucous membrane
exposure which created the risk of exposure to blood borne pathogens was subject to the
procedures contained in a Needlestick Policy.

For personnel exposed to potentially lead-contaminated soil or dust, medical
examinations were provided at termination of employment or job reassignment. Blood lead
levels were assessed at the same time unless the employee had a samples) checked within
the previous thirty days.

Medical examinations were performed by occupational medical physicians of the
University of Cincinnati Occupational Health Clinic. Laboratory analysis of blood for lead
was performed by accredited labs under contract with the clinic or the University of
Cincinnati laboratory affiliated with this project. All other biological samples were analyzed
by an accredited laboratory selected by the physician. All employee health and medical
records were maintained in the Occupational Health Clinic in accordance with the
requirements of 29 CFR 1910.120(f)(7). Employees received the physician's written opinion
in accordance with 29 CFR 1910.120(f)(6).

Emergency and Non-Emergency Treatment
Provisions for emergency treatment and acute non-emergency treatment were made for

each site.
1. Emergency first aid:

a. Team leaders were trained in first aid by the American Red Cross.

b. A standard first-aid kit was available in laboratories and cars used to transport
worker to field sites.

c. Eye-wash units were available in all laboratories and checked at least weekly by
a designated lab tech and quarterly by the SHO or representative for adequacy
of operation.

d. Team leaders notified "911" or transported an injured or affected employee to
the University Hospital if the injury required more than first-aid.
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2. Record-keeping

Proper record-keeping was essential to protect worker health and safety.

a. Medical records will be maintained by the Occupational Health Clinic and preserved
on exposed workers for thirty (30) years after termination of employment (29 CFR
1910.120).

b. Reports by the Occupational Health Clinic were maintained for each employee by
the SHO. A copy of each report was sent to the employee upon receipt from the
clinic.

c. Records of occupational injuries and illnesses were maintained and posted yearly by
the SHO.

The SHO at least annually ascertained that each accident or illness was promptly
investigated, evaluated the efficiency of the medical surveillance program, reviewed potential
exposures and site safety plans and reviewed emergency treatment procedures.

3.6.3 Workplace Audits
Assessments of potential hazards in the work sites were conducted before work

commenced in accordance with 29 CFR 1910.120(c). This assessment included a
determination regarding the applicability of 29 CFR 1910.1926 (Construction Standard),
29 CFR 1910 (General Industry Standard), and other OSHA, National Institute for
Occupational Safety and Health, or American Conference of Governmental Industrial
Hygienists guidelines, as appropriate. It was anticipated that employees would not be
exposed to airborne lead that exceed the action level defined in 29 CFR 1910.1025.

3.6.3.1 Laboratory Audits
Laboratory facilities were initially reviewed by the SHO or designate to determine

potential exposures to lead or other hazards. Appropriate controls and the use of personal
protective equipment were instituted as necessary.

On-site reviews of laboratories were conducted on a regular basis. Copies of the
SHO's report were given to the laboratory supervisor, project managers, and administrative
manager. A copy of the form used for the laboratory audits and a listing of those performed
are contained in Appendix J.
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3.6.3.2 Interior and Exterior Field Audits

The SHO or designate monitored field workers on a regular basis to assure compliance
with guidelines as stated in the SHP. When hazards existed, the SHO or designate alerted
the employee to the problem, addressed the issue with the field supervisor and recorded the
findings in their report. Follow-up audits were conducted to insure the problem or safety
hazard was corrected. Follow-up audits were performed within a two week period when
recommendations by the SHO or designate required any safety improvements. Response to
safety recommendations were implemented and enforced. As abatement commenced each
season, safety concerns were discussed with supervisors and reinforced to abatement
workers. The forms used for these audits and a listing of those performed are contained in
Appendix J.

3.7 DATA MANAGEMENT
3.7.1 Data Management Objectives

To ensure data integrity, accuracy, and completeness.
To maintain the accountability and security of all project data sets.
To provide timely support to project day to day operation.
To provide quality data for data analysis.
To protect study family/subject confidentiality.

3.7.2 Data Management System Development
A data management system (DMS) based on Apple Mackintosh computers was

developed by following these steps: users' needs survey, system analysis, system design,
system programming, system implementation, installation and training, and system operation
and maintenance.

3.7.3 Users' Needs Survey
We surveyed the users' needs, users computer experience and training, and their

familiarity with the existing data management system. We also studied the system which had
previously been used by our staff, the needs of this project as stated and the project data
management objectives.
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3.7.6 Design of the Components of Data Management Engine
File Structure
Hierarchical File Structure
Files/data sets are saved within a. form sub-directory. Form sub-directories are created

within a phase sub-directory, where phase stands for the study phase. In this project, we
have ten study phases and within each study phase we usually have many sample collection
forms, sample chemical results forms, and questionnaire forms. Within a given form of a
given phase, we have data set files, entry screen files, report files, and several other files for
maintaining data integrity. These files are saved in the designated form sub-diicctory.

Coherent and Consistent File Structure
Within a form sub-directory, the file structure is the same, so automatic file

management can be programmed. The following is a brief list of the kind of files hi a form
sub-directory.

Project's data sets for each data form are entered as the batched data sets initially and
then appended as a master data set. Data form information data set saves the key
information of this data form. Data definition dictionary has the field definitions, field
coding and the units of all the measurement variables in a data set. Three kinds of computer
data entry screens are programmed to provide data entry, update and retrieval. Report
generators are used to generate reports. Each report generator has consistent layout to
ensure its readability. All project data sets have the same data structure. Each project data
set has three kind of fields: linkage identifiers, data fields, fields for data management. The
linkage identifiers are defined at the beginning of each data set and are used to link all the
records in different data sets. The collected project data are entered into the data fields after
the identifiers. Several fields for data management use are assigned at the end of the project
data sets.

Data Linkage System
A system of identifiers is defined by assigning an identification code to the following

entities: property, building on a property, apartment in a building, family in an apartment
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and subject of a family. This system is the key to link all the data which were entered in
different forms of different phases together for data analysis and/or report printing.

User Interface

This system has a menu driven graphic user interface. It was programmed to support
both mouse and keyboard, for user's convenience. Data management subroutines, i.e., error
checking and record searching, are available as menu items. It supports on-line editing and
two-level data access: data editing with review or review only without editing.

Error Checking Routines
An error checking routine is programmed to compare the data which were entered by

two different individuals (double data entry). Range check and data coding validation
subroutines are also programmed.

Data Update Routine
An update subroutine with roll-back capability was programmed to ensure data

integrity. A data set was created to record the history of all the changes of a given data
entry form. Whenever an update was executed, the information before and after the update
would be recorded.

3.7.7 System Programming
Sstem

The strategy that we took to finish the system engine programming was: We wrote the
generic routines for each function to be performed and tested them; combined the tested
routines for accomplishing a defined task as a module; and finally combined all the tested
modules as the data management engine. The required programming time for completing the
programming of the data management engine was equivalent to two seasoned programmers
for 9 mo. The programs to provide the form-based data entry system were written when a
form had been developed and its data was ready for entry.

Proparnmirig for F-^ch Form-Based Data Entry System
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The programming of a form-based data entry system included the data structure
creation of all needed data sets, preparation of data definition dictionary, data entry screens
programming, report generator programming, etc. All of these programs and files were
saved in the given form sub-directory. Thus, we can consider the form-based data entry
system for each form as a peripheral: plug it into the data management engine when we
need to use it.

3.7.8 System Implementation, Installation, and Training
System implementation included computer software and hardware requisition, set-up

and installation, programmer training, programs compilation, and user training. The
software used to develop our data management engine is FoxBase+ for Apple Mackintosh.
Training was provided after the software and hardware were available or after our Data
Management System (DMS) was installed. This system can be installed by a trained staff
member.

Implementation for End Users
Personalized tutorial and system user's guide was available when our system was

installed for a user.

3.7.9 Data Base Management Operations and Maintenance
Data base management operations included routine form-based data entry system

programming, data entry and edit, data error checking and update, report printing, data
merging and data clean-up, etc. Data base management maintenance included hardware
maintenance, software bug foes, and user technical supports.

3.7.10 A Summary of Project Data Base
In the Appendix, several charts were used to present the file structure, data flow and

the data entry and update procedures of the Cincinnati Soil Project database. After that, a
summary list of all project data sets with the number of records in each data set was given.
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3.8 GEOGRAPHIC INFORMATION SYSTEM
3.8.1 What is a Geographic Information System?

A geographic information system (GIS) is a computer system which can not only
integrate geographic data and tabulated attribute data together for further retrieval and
analysis but also support manipulation and presentation of spatially elated data. In this
project, the GIS that we used was called a generalized GIS. A generalized GIS is a GIS
which supports spatial statistical data analysis and modeling in addition to the available GIS
capabilities. The software used as our generalized GIS included: ARC/INFO, dBASE, SAS,
BMDP, and SPSS.

3.8.2 What Did We Plan To Achieve with Our Geographic Information
System?

(1) Identify the spatial distributions of environmental toxicants, e.g., lead, in the study
areas. (2) Investigate the spatial relations between environmental toxicants and human
exposure biomarkers. (3) Study the exposure pathways of human subjects to environmental
toxicants. (4) Study the migration pathways of environmental toxicants. (5) Propose
environmental remediation strategies and plans. (6) Manage and monitor the remediation.
(7) Measure the effectiveness of remediation and hence evaluate different remediation
procedures. (8) Study the rate of recontamination after remediation. (9) Retrieve and
present study outcomes, especially as maps.

3.8.3 Application of a Geographic Information System hi This Study
The geographic locations of the environmental sampling sites and buildings where study

subjects lived were digitized as different GIS layers. The sample collection information and
sampling results as well as subject questionnaire data were then merged to the associated GIS
layers for future analysis. Thus the available data can be analyzed by their logical relations
and spatial relations. For example, we had the building layers, the street layers, the soil
layers and the property layers digitized for each study neighborhood and we merged the
house interior dust lead results to the building layer, the soil collection information and soil
lead results to the soil layer and the street dust lead concentrations to the street layer. The
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spatial relation between the building house interior dust lead and the soil lead (or street dust
lead) could then be studied.

3.8.4 The Contribution of a Geographic Information System to This
Project

A GIS was essential for the full utilization of the soil and exterior dust lead data in the
Cincinnati project because of the area-wide nature of these data. Much of the soil in the
study area was not associated with specific housing units, but was in playgrounds, vacant lots
and at nearby housing units. A child therefore could have potential exposure to lead from a
number of these areas. Similarly the exterior dust sampling protocol involved collecting
composite dust samples from all of the streets, sidewalks, alleys, and parking lots in the
study areas. The GIS provided a mechanism to determine soil and exterior dust lead
concentrations within specific distances of each child's residence.

3.9 DATA ANALYSIS
3.9.1 Data Analysis Objectives

1. Test project hypotheses,
2. Evaluate the quality of project's data,
3. Quantify the correlations between environmental lead measurements and human

lead biomarkers,
4. Identify the key variables which can be used to quantify the changes in human

lead biomarkers,
5. Conduct not only prospective and retrospective data analysis but also a sequence

of cross-sectional data analysis to understand the changes in environmental leads
and human lead biomarkers,

6. Identify the spatial distributions of environmental leads in the study areas,
7. Investigate the spatial relations between environmental lead and human, exposure

bio-markers,
8. Study the exposure pathways of subjects to environmental leads,
9. Study the migration pathways of environmental toxicants,
10. Measure the effectiveness of different remediation procedures,
11. Study the rate of recontamination after remediation,
12. Propose environmental remediation strategies and plans.
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We accomplished these objectives by going through the following data analysis plan.
Due to the complexity of the data sets, we were not able to complete all data analysis within
the current available time frame.

3.9.2 Data Analysis Plan
The following were the key items in our data analysis plan:
Data conversion after completing data entry, error checking and updating;
Data clean-up and data coding-update;
Data list printing;
Preliminary data analysis: summary statistics and frequency distributions;
Correlational data analysis: correlation analysis, regression analysis (or analysis of
covariance);
Confirmatory data analysis: testing project hypotheses and the effectiveness of lead
abatement;
Prospective, retrospective and sequences of cross-sectional data analyses;
Modeling; and
Statistical methodology development.

3.9.3 Data Conversion
When data were entered and error checking was completed, several data conversions

have to be performed to ensure that comparable and accurate data were available for data
analysis. All project data were entered into Apple Mackintosh computers, through the
following steps, and then transferred to the University of Cincinnati's IBM mainframe
computer: First, convert project data base from Apple Mackintosh under FoxBase+/Mac to
IBM PC under dBASE. Second, convert this dBASE data base to PC-SAS data base with the
correct data type defined. Third, upload these PC-SAS data sets to mainframe computer.

3.9.4 Clean-Up Data and Data-Coding Update
(I) Check the linkage identifiers in each data set and make sure that all data in any

single data set can be merged with the associated data set, e.g., subject questionnaire data set
should be merged with blood lead data set. (II) Check the data range and data coding to
ensure that the data to be analyzed were valid, e.g., outliers and missing values were
checked. If any errors were found, the master data set was updated by following the
established data update procedure.
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3.9.5 Data List Printing
The data listing was printed after the clean-up of a data set was finished. This data

listing was visually reviewed and checked after it was printed.

3.9.6 Preliminary Data Analysis
Summary statistics:
Mean, standard deviation, geometric mean, geometric standard deviation, median,

percentiles, etc. were computed for each environmental sample, e.g., soil lead house-interior
dust lead, exterior dust lead, etc., and human biomarker, i.e., blood lead and hand lead.
These summary statistics were computed for all the data in each individual phase and the data
which was collected in both preabated and postabatement phase. So, we can have a good
understanding about the collected data; and the comparisons between preabatement and
postabatement can be made easily.

Frequency Distributions
The frequency distributions of all the key variables were studied by the following four

approaches:
1. Single Data Form Based Analysis,
2. Multiple Data Forms Within a Single Study Phase,
3. Same Data Form From Several Study Phases,
4. Multiple Data Forms From Several Study Phases.

With a good understanding of the characteristics and the distributions of all the key
variables, we were able to propose more suitable statistical modeling and testing techniques
to analyze our data.

3.9.7 Correlational Data Analysis
Correlation Analysis
This was to study the correlations between human lead biomarkers and different

environmental lead concentrations, e.g., compute the correlations between blood lead, hand-
wipe lead.house interior dust lead, exterior dust lead, etc. Study the relationships between
human lead biomarkers and study subjects' mouthing behaviors as well as between human
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lead biomarkers and their families' social economical status. We also investigated if lead
abatement had any impact on these correlations.

Regression Analysis and Analysis of Covariance
The regression analysis was used to predict the changes hi human lead biomarkers from

the changes in the environmental leads, e.g., house interior dust lead, exterior dust lead and
soil lead. It was also be used to identify the key variables which have the significant
influence on the changes of human lead biomarkers. If at least one independent variable was
a categorical variable, e.g., the treatment group variable, then the regression analysis may
not be suitable, but the analysis of covariance can be used to achieve the above two goals.

3.9.8 Confirmatory Data Analysis
Test the Proposed Project Hypotheses
Study the Effectiveness of Lead Abatement
Several statistical procedures have been applied to study the effectiveness of lead

abatement: T-test, Analysis of Variance, Analysis of Covariance, etc. The nonparametric
statistics were considered when the assumptions of the classical procedures was not
appropriate.

3.9.9 Prospective, Retrospective, and Sequences of Cross-Sectional Data
Analyses

To study the changes in the human lead biomarkers and the environmental leads, we
propose to identify the key variances which had influences on these changes individually or
collectively through prospective retrospective and sequence of cross-sectional data analysis.

3.9.10 Modeling
Modeling the Distributions of Environmental Leads
Where are the sources of environmental lead contamination? How do they spread? Or,

what are the distribution patterns? skewed or symmetric, uni-modal or multi-modal. We
also considered modeling the temporal distributions and spatial distributions of environmental
leads.
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Modeling the Rate and Pathway of Recontamination of Environmental Lead

The understanding of the rate and pathway of environmental lead recontamination after
lead abatement will provide improved strategies for abating and reducing lead in the future.

Modeling Human Exposure Pathway to Environmental Lead Through Modeling the
Relationships Between Human Lead Bio-markers and Environmental Leads

We were interested in identifying and quantifying which and how study subjects were
exposed to environmental lead, e.g., soil lead, exterior dust lead, house interior dust lead,
paint lead, water lead, etc. A human lead exposure pathway model made it possible for us
to quantify the contributions of environmental leads to human lead body burden.

Establish A Model To Predict The Changes In Human Lead Biomarkers If
Environmental Lead Was Abated From One Level To Another Level, i.e., to quantify
the impact of abatement

We were also interested in quantifying the contributions of the environmental lead
abatement to the changes in environmental lead and to the changes in human lead
biomarkers.

3.9.11 Statistical Methodology Development
As mentioned before, many classical statistical procedures are not quite suitable for

analyzing our data due to the complexity of this study. Several statistical procedures were
investigated to provide satisfactory approaches to analyzing our data. We have some results
from these investigations, but more efforts are needed.

Statistical Methods for Analyzing Familial Data
In this project, we have some study participants who came from the same families. In

some situations two families occupied the same apartment unit. The consequence to this was
that the needed assumption of many available statistical procedures may not be suitable. For
example, the usual Pearson sample correlation was not always appropriate to estimate the
"true" correlation between the blood lead and hand-wipe lead of our data, because it could be
biased. There are several other cases like this. We have good progress in obtaining a
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"good" procedure to estimate the correlation between hand-wipe lead and blood lead with
which these samples were collected from the families with varied sib sizes. However, before
we have our methodology fully developed, we may have to use the not appropriate "usual"
statistical procedure to understand or analyze our data.

Statistical Methods For Analyzing Spatially Related Data
Our study was a neighborhood-wide study, so our lead variables are spatially

correlated. A generalized CIS system has been set up to facilitate analyzing our spatially
related data and several statistical procedures were investigated. However, because the final
report deadline was before a complete data analyses had occurred, we were not able to
complete this analysis. We will continue the work in this area as time and resources allow.

Statistical Methods For Analyzing Longitudinal Data
To analyze the changes of lead concentrations or loadings over time, e.g.,

postabatement vs. preabatement, the recognized approach is using longitudinal data analysis
techniques. Several methods are available and will be used in analyzing our data, e.g.,
structural equations with latent variables, linear models, and generalized linear models.
However, due to the covariance structure of our data, these methods needed further
modification to ensure that the relevant assumptions are fulfilled.

A Measurement Error Model With Random Coefficient Approach To Analyze Inter-
laboratory Calibration Data

We proposed a statistical model which can fully explain why the sample variance
increases as the chemical concentration increases. The statistical methodology development
is still under way and we have had our preliminary results presented in a national statistical
conference. Currently, we obtained some results which can tell us if the concentrations of
the unknown standards from a lab is statistically the same as the consensus sample
concentrations.
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3.10 PROJECT ADMINISTRATION
3.10.1 Financial Management

A budget and expense tracking system was used to financially manage the grant for the
Cincinnati Soil Lead Demonstration Project. The tracking system was developed to more
effectively manage the project budget and track expenditures by cost center.

The University, like most larg e organizations with a central accounting department, did
not provide detailed information necessary to manage an individual grant, on a timely basis.
Our budget and expense tracking system provided a monthly review of performance against
forecast. The reports generated on a monthly basis included:

1 . Comparison of Project budget vs. expenses/encumbrances. (Year-to-date and
Project-to-date)

2. Comparison of monthly budgeted payroll vs. actual expense and accumulated
monthly P/R expense for reviewing trends.

3. Cost Center reports (8) with budgeted vs. actual comparison. (Year-to-date and
Prpject-to-date)

4. Project summary report, detailed by category with budget vs. actual comparisons.
(Year-to-date and Project-to-date)

5 . Cost Center summaries were created for a review of total expenditures specific to
each individual cost center. Such detailed and specific information may be used for
decision making purposes or determining unit cost within an individual cost center.

The following information describes the order of activities involved in utilizing our
budget and expense tracking system. A flow diagram (Figure 3-8) of the "Budget tracking
System" is displayed on the following page.

Cincinnati Soil Project Budget anft Expense Tracking ft
The University of Cincinnati's financial system is called College and University

Financial System (CUFS). The accounting department at the University provided two
monthly reports: a budget summary report and labor distribution report. These reports
included each current month's expenses and encumbrances. We usually received these
reports 2 to 3 mo following the closing of the month.
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Figure 3-8. Cincinnati soil project—budget tracking system flow diagram.
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Reports Generated bv CUFS
Two reports included in the monthly packet of financial information that were used for

our tracking system were the CUFS Budget Summary Report (Detail Report of Transactions)
and the Labor Distribution Report.

Creating the Cash Disbursements and Payroll Files for the Budget Tracking System
We used each month's current information from the CUFS budget summary report and

the labor distribution report as raw data to create the cash disbursements and payroll files for
our tracking system. The information was retyped into a format specifically designed for our
tracking system.

Current Expenses/Encumbrance Compared to Hard Copy Records
All encumbrances and expenses listed on CUFS were compared to hard copy records in

the project files. Copies of requisitions, invoices, contractual agreements, time sheets and
other documentation kept in our project files were checked and compared to confirm the
accuracy of the entry. A brief description of the expense and the name of the person
requesting the purchase were recorded to assist in determining the cost center, expense
category, and type of expense.

Error Checking and Adjustments of Inaccurate Charges to Project Grant
All entries were error checked and any discrepancies found in the financial information

were reported. Adjustments to the CUFS budget summary report and labor distribution
report to correct inaccurate entries were processed through the Department of Environmental
Health.

Cost Center? Summaries Upja.tffd With Current Financial Information
Individual cost center summaries were updated with the current month's expenses and

encumbrances. Each cost center report included a comparison of actual to budget with a
variance that indicated the unobligated amount for each line item in a year-to-date and
project-to-date report.
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Summary Report Updated With Current Financial Information
The summary report was also updated with the current's month's financial information

and served as a summarization totalling the financial data contained in the individual cost
summaries. The summary report included a comparison of actual to budget with a variance
that indicated the unobb'gated amount for each line item in a year-to-date and project-to-date
report.

Record Keeping
Each month's report was saved on diskette and a hard copy of the entire report filed

with other financial records of the Cincinnati Soil Lead Demonstration Project.

Financial Reports
In addition to the information provided through the budget tracking system, a monthly

financial report was presented to project investigators. The report contained a current
month's comparison of expenses to budget using the on-line capabilities of CUFS.
Additionally, projected spending through the end of the project period was included. This
report was informative and assisted in decision making based on current information.
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4. RESULTS

4.1 STUDY POPULATION
One hundred and eighty-four eligible families with children less than five years of age

lived in the three study areas prior to study initiation. As a result of the high degree of
interest among caregivers of the children and enthusiastic project staff, 146 families
(225 children) agreed to participate in the study (Table 4-1). This represented 79% of the
eligible families. In June 1990 (Phase 5) an additional 45 families (66 children) were
recruited in areas B and C. They had moved into the study area after the initial recruitment
but prior to soil-lead abatement which was scheduled for those areas. At the completion of
the study (October 1991), 95 families with a total of 153 children were actively participating
in the study. A summary of project enrollment (subjects, new births, families and dwelling
units) by study Areas A (Pendleton), B (Findlay, Back and Dandridge) and C (Glencoe and
Mohawk) appears in Appendix N. New births represent infants born into study families.
The usefulness of their data depends on whether they entered the study before or after
abatement and will be described later. The families recruited in June 1990 who were living
in Area B had their interior abatements performed during the summer of 1990 along with the
exterior (soil and dust) abatements which had been scheduled for Area B during the summer
of 1990. Thus the subjects recruited in June 1990 (and living in Area B) were similar to
those in Area A in that all three abatement procedures were implemented during the same
period of time.

The initial data analysis will focus on the children who were recruited in June-July of
1989 and hereafter referred to as "initial recruits". As the study design stipulated, the focus
of the recruitment was on children living in the rehabilitated housing (about 90% of the study
population). The initial data analysis will, therefore, only include data for children living in
rehabilitated housing. Analysis of results from area-wide sampling, such as for soil and
exterior dust sampling on streets, sidewalks, alleys etc., will include all data regardless of
the type of nearby housing.

The age of the initial recruits at the time of the first blood collection is shown in
Table 4-2 by study areas.
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TABLE 4-1. CINCINNATI SOIL PROJECT ENROLLMENT OF SUBJECTS

Initial Recruitment*

Area

A

B

C

Total

Number Enrolled
(Phase 01)

56 (36)c

107 (68)
62 (42)

225 (146)
Total Recruited

Phase 01 & 05
Total New Births
Total Subjects

Number Remaining
(Phase 09)

23(17)
47 (31)
30 (22)

100d (70)

291
_L£
307

Second Recruitment1*

Number Enrolled Number Remaining
(Phase 05) (Phase 09)

not performed not performed
29 (19) 16 (9)
37 (26) 21 (16)

66 (45) 37* (25)
Total Remaining (Phase 09)

Phase 01 Recruits 100
Phase 05 Recruits 37
New Births 16

153

"June-July 1989 (Phase 01).
bJune-July 1990 (Phase 05).
°No. families indicated in parenthesis.
An additional 14 new births also participating in Phase 09.

"An additional 2 new births also participating in Phase 09.

TABLE 4-2. NUMBER OF STUDY PARTICIPANTS BY AGE RANGE
(Phase 01, Rehabilitated Housing)

Age (years)

Less than 1
1 - <2
2- <3
3 - <4

4- <5

5- <6
Total

Area A
9 (18.4)*

10 (30.4)
10 (20.4)
10 (20.4)
10 (20.4)

0(0)
49

AreaB

17 (21.2)
17(21.2)
13 (16.2)
15 (18.8)
13 (16.2)

5 (6.2)
80

Area C

11 (25)
7 (15.9)
9 (20.4)
7 (15.9)
6 (13.6)
4(9.1)

44

Percentage for area shown in parentheses.
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4.2 EXCLUSION FROM DATA ANALYSIS
The initial data analysis will focus only on children entered into the study during the

initial blood collection period (Phase 01, June-July 1989) and who were living in
rehabilitated housing. Therefore a number of children will not be included in the analysis
presented herein: children recruited from Areas B and C during Phase 05 (June-July 1990,
children living in non-rehabilitated housing, and children born in study families after older
siblings had already been recruited ("new births"). In addition, four subjects were excluded
who were identified as being chelated prior to entry into the study or pre-abatement or who
were victims of careless remodeling work.

Children Recruited During Phase 05
A total of 66 children were recruited during Phase 05 (June-July 1990), 29 in Area B

and 37 in Area C. The children recruited in Area B received all three types of abatement
(exterior and interior dust and soil) during the summer of 1990. Thus, their abatement
pattern is identical to that in Area A except that it was conducted one year later. In a future
data analysis we will explore combining them with Area A children for the purpose of
evaluating the impact of abatement.

Children Living in Non-Rehabilitated Housing
Thirty-one of the children recruited in Phase 01 (June-July 1989) are identified as living

in non-rehabilitated housing: 2 in Area A, 18 in Area B and 11 in Area C.
The housing of most of these Area C children were initially misclassified as non-

rehabilitated housing when it actually was rehabilitated. Re-coding will be conducted in the
near future so that those children can be included in the analysis of children living in
rehabilitated housing and who were recruited duiing Phase 01.

New Births
A number of children of study families were born during the study period. In many

cases (16) we were successful in recruiting them into the study when they were only a few
months old. In many cases they were born after some abatement in their home environments
had already occurred. Data from those children will not be used as part of the primary data
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analyses but will only be used in special case study analyses and other special studies. Four
of these children are in Group A, 10 in B and 2 in C.

Specifically Excluded Subjects
All data from four subjects who were either in housing undergoing renovation or who

were lead poisoned prior to their entry into the study were removed from the data analyses.
Subjects 058 and 059. The apartment in which these children were living was

undergoing paint removal by the owner resulting in excessive exposures to lead-containing
dust. Hand lead values were 1,366 and 1,386 pg, respectively pre-abatement (June 1989).
These values are almost an order of magnitude higher than any others we have seen. The
family lived in Area B (Findlay sub-area) in a deteriorated non-rehabed 19th century
building. We have three blood samples from each child. The family moved April 1990.

Subjects 812 and 813. These subjects were each chelated for lead poisoning during the
summer of 1989 (July and August, respectively) prior to their entry into our study during our
second recruitment in June 1990 (Phase 05). Subject 812 bad a blood lead of 46 in August
1987 as determined by the Cincinnati Health Department.

4.3 SAMPLE COLLECTION AND ABATEMENT SCHEDULE
The overall abatement and monitoring time table for the Cincinnati project was

previously shown in Figure 3-1. The specific types and locations of the samples collected
during the ten sampling phases (00 to 09) were outlined in Figure 3-2. Certain reductions in
sample collection and analyses that were necessary due to time constraints are indicated in
Figure 3-2 for Phases 06, 07 and 09.

4.4 BLOOD AND ENVIRONMENTAL SAMPLE QUALITY
ASSURANCE/QUALITY CONTROL RESULTS

Prior to the beginning of our study the precision and accuracy of each type of sample
measurement was evaluated. Goals were established in terms of completeness and
representativeness of study design. Coordination efforts among the three cities involved in
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the study resulted in the development of similar methods and protocols so that ultimately data
comparability could be realized. However, the validity of the Cincinnati Soil Project results
still depend in large part on the quality of sample collection and analysis. The results of the
Quality Assurance/Quality Control (QA/QC) procedures implemented in our collection and
analysis protocols are given in the following sections. Table 4-3 lists the different types of
samples collected and analyzed, and the quality control associated with each type.

At the beginning of the study 28 fictitious family identities were developed. Identifiers
were consistent with those used for the real study families. Except for soil and exterior dust
all field QC samples were given study sample numbers and identified as being collected from
one of the fictitious families. In this way, QC samples were submitted to the lab and
analyzed with their true identity unknown. Soil and exterior dust QC samples were, on the
other hand, distributed to the analyst without their associated location, building and family
identifiers. Therefore, the true identity of those samples was also protected.

4.4.1 Quality Control Evaluation for Blood
The hematology QC program consisted of the following elements:

1. Field duplicates - fictitious families (a total of 28 fictitious children)
2. Blind control samples supplied by Centers for Disease Control (CDC) - lead (PbB)
3. Low and high isotope dilution mass spectrometry (IDMS) determined

reference samples
4. College of American Pathologists (CAP) PbB proficiency program
5. CDC, PbB and free erythrocyte protoporphyrin (FEP) proficiency program
6. Bi-annual analysis of hematology controls for Hematocrit and Hemoglobin
7. Human reference sample for iron (Fe) and total iron binding capacity (TTBC)

The analytical methods used for each analyte were as follows:

1) PbB - Anodic Stripping Voltammetry
2) FEP - extraction followed by spectofluorometry
3) Serum Fe and TEBC - electrochemical
4) Hematocrit - centrifugation
5) Hemoglobin - calorimetric
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TABLE 4-3. QUALITY CONTROL EVALUATIONS FOR EACH SAMPLE TYPE

1) Blood
• Field duplicate* - fictitiou* ftmiliet
b. Blind control temple* supplied by CDC - PbB
c Low tod high ID-MS determined reference umples
d. College of American Pathologist* PbB proficiency program
e. CDC PbB and FEP proficiency program
f. Bi-annual analyiit of hematology controli for Hematocrit and Hemoglobin
g. Human reference lample for Fe tod TTBC

2) Soil
a. Field duplicate!
b. Field lab tieving blank
c. Blind control umplea supplied by EMSL - Lai Vegts
d. Low and High reference sample*

3) Exterior Dun
a. Field duplicate*
b. Field lab tieving blank
c. Blind control tample* lupplied by EMSL - Las Vegis
d. Low and High reference aamplei

4) Interior
a. Field duplicate*

1. interior dun
2. duttfall

b. Field blank*
1. interior dun
2. handwipet

c. Blind control tamplei supplied by EMSL - Lai Vegas
1. interior dun
2. handwipe

d. Lab method and reagent blacki
1. interior dun
2. handwipe
3. duttfall

e Lab duplicate
1. interior duit
2. duatfall

f Lab controli
1. interior dun
2. handwipe
3. duatfall

g. AAS analylit- duplicate* and % recovery
1. interior dun
2. dustfal]
3. handwipe

5) Water
a. Field duplicate*
b. Field blanks
c. Lab blank
d. Lab control
e. Lab duplicate*
f. * recovery

6) Paint
a. Instrument blank*
b Instrument calibration check*
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A field duplicate for blood was one half of a total sample drawn from an individual
volunteer. Thus, approximately 8 ml of blood was collected from 1 person and dispensed
into 2 EDTA-containing pediatric Vacutainer™ tubes and 2 vacutainers™ with no
anticoagulant. Each set of two different tubes were labeled with one of the 28 fictitious
identities and submitted to the lab for the complete series of analyses. Fresh field duplicates
were collected at a rate of 2 individuals of 4 samples per week. The fictitous family
indentifiers were repeated in each phase. This type of QC sample can only evaluate
precision. Table 4-4 shows the results of the differences between duplicates for each test
when samples were analyzed blind.

Four different concentration blood samples were supplied by the Centers for Disease
Control to test for analytical or procedural variabilities within or among the three cities in the
soil projects. Prior to the start of the study these samples were repeatedly analyzed by each
city. Our assays were carried out in 13 separate daily runs at a rate of one run per week and
over the time period from 1/31/89 to 5/9/89. A target value was then determined for each
city's analysis of the sample and also a consensus value for the sample itself.

During the course of the study, at least two of the four samples were analyzed in
duplicate with each set of unknowns. Of the four two were always blind to the analyst. The
two blind samples were those with target values of 3.5 ± 8.9 /xg/dL. Table 4-5 shows the
results accumulated on these samples over the two years of the study.

In addition to the samples supplied by CDC for this project we continued to employ the
techniques that are a part of the standard operating procedures of our laboratory. That
included analyzing duplicate samples of 2 EDMS determined reference bloods with each set
of unknowns. Limits were established for these samples to evaluate the validity of the
analytical run, and control charts were kept to document performance over time.

If the concentration of two or more of the four samples fell outside the established
limits, the run of PbB samples was rejected and all samples reanalyzed. This did not occur
with any of our analytical runs. However, on two occasions the 5.3 pg/dL control in
Phase 03 fell well beyond the 3 standard deviation or rejection criteria. Possible
contamination of these QC samples was suspected. Listed in Table 4-6 are the averages,
average differences between duplicates and the standard deviations for these EDMS samples
in the Soil Project analytical runs.
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TABLE 4-4. ABSOLUTE DIFFERENCE BETWEEN BLIND DUPLICATE ANALYSES
OF THE SAME HUMAN BLOOD SAMPLES

Phase

01
N=14 pairs

03
N = 14 pairs

05
N=9 pairs

07
N=9 pairs

f- 09
00 N =6 pairs

Hematocrit

%
0.5

0.6

0.0

0.2

0.3

Hemoglobin
gm/dL

0.16

0.16

0.25

0.23

0.18

Serum FE

Mg/dL

5.4

4.6

3.3

5.2

6.0

TIBC

Mg/dL
17

16

7

9

8

% Saturation
%

0.9

2.0

1.3

1.4

2.7

PbB

Mg/dL

1.5

1.0

1.4

0.8

0.8

FEP

Mg/dL

1.5

2.8

1.8

1.9

2.5



TABLE 4-5. BLOOD LEAD QUALITY CONTROL SAMPLES PREPARED BY CENTERS FOR
DISEASE CONTROL FOR THE CINCINNATI SOIL LEAD PROJECT

Target Value*
Consensus Value

3.5
4.3

8.9
10.3

2.5C

1.6
43.3
44.9 SLOPE Y-INTERCEPT r2

DATE SAMPLE
COLLECTED

Phase 01

Phase 03
Phase OS
Phase 07
Phase 09

£ N

Mean

S.D.
C.V.
Min.

Max.

6/7/89-8/10/89

10/16/89-12/7/89
6/18/90-7/24/90
11/7/90-12/10/90
6/10/91-8/8/91

5.1

3.7

4.3
4.5
4.2

33
4.4

1.2

28

2.3
8.0

9.4

8.2

8.6
8.4
8.9

28
8.8

1.2
13
6.6

11.0

2.6

1.7

2.2
2.9
3.5

60

2.5

0.9
36

0.5

4.9

42.2

43.3

42.4
43.0

43.5
60
42.7

1.1

3
40.1
45.3

0.9526 0.9643 0.9994

1.010 -0.4721 0.9997

0.9739 0.2050 0.9997
0.9808 0.4300 0.9995
0.9875 0.6564 0.9998

"Target Value established by U.C. lab prior to the study.
hFour Lab Consensus Value; U.C.; CDC; ESA; MO. DOH.
°This sample was analyzed as a blind control throughout the study.



TABLE 4-6. LABORATORY PERFORMANCE IN THE ANALYSIS OF
ISOTOPE DILUTION MASS-SPECTROSCOPY REFERENCE SAMPLES

Phase

01

03

05

07

09

N

36
18
20
9

25
12
20
10
18
9

I.D.M.S.
Mean
of all

Values

6.3
-

5.2*
-

5.6
-

5.8
-

6.1
-

Target Value

S.D.

0.9
-

0.6
-

0.7
-

0.8
-

0.9
-

= 5.3 pgldL

Difference
Between

Duplicates
.

0.8
-

0.8'
-

0.7
-

0.6
-

0.7

S.D.
_

0.7

0.3
.

0.6
-

0.5
-

0.7

N

36
18
22
11

22
10

20
10

18
9

I.D.M.S.

Mean
of all

Values

40.2

40.5

40.5

41.5

42.0

Target Value

S.D.

1.5

1.7

1.1

1.1

1.6

= 40.4/ig/dL

Difference
Between

Duplicates

1.1

1.9

1.0

1.0

1.2

S.D.

0.8

1.0

0.6

0.7

0.8

2 Outliers excluded.



Participation in two proficiency programs is another ongoing process in our labs.
Samples are provided by the Center for Disease Control on a monthly basis for PbB and FEP
determinations. Lead samples are supplied quarterly by the College of American Pathologist
proficiency program. Our results are compared to consensus values established by reference
and participating laboratories for these programs. Figure 4-1 and 4-2 show our performance
in these programs for PbB over the two year interval during which this study was run.
Figure 4-3 illustrates the results for FEP in the CDC program.

Hematology controls were purchased periodically during the Soil Project and used to
evaluate hematocrit and hemoglobin concentrations. Purchased from Fisher Scientific
Company, these controls closely resemble patient's whole blood samples and so provide a
control for the two methods. There are target values assigned to the samples which were
obtained using a number of automated instruments and manual methods. Four sets of these
samples were analyzed and the comparison is shown in Table 4-7.

Serum Fe and TIBC analysis were monitored by analyzing the same human serum
sample during each day's analytical run. The serum was a pooled sample collected from one
individual, aliquoted into separate tubes and frozen. Each sample pool was only stable for
approximately 6 mo. Therefore, prior to its expiration date another sample pool was
developed. Thus, pools were overlapped to maintain continuity. These samples provide
measurement of precision and a check for instrument or calibration drift. Table 4-8 shows
data generated during the Soil Project study time frame.

4.4.2 Quality Control Evaluations for Soil X-ray Fluorescence
The soil QC program consisted of the following elements:

1. Field duplicates (co-located samples)
2. Field lab sieving blank
3. Blind control samples supplied by Environmental Monitoring Systems Laboratory

(EMSL) - Las Vegas
4. Low and High reference samples

As was to be expected, soil field duplicates (co-located samples) were at best a rough
estimate of the concentration of the original sample collected. Duplicates were collected for
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Figure 4-1. Performance of the Cincinnati project in the Centers for Disease Control proficiency program for blood lead
analysis during the period June 1989 to September 1991.



u
3

50-

46

40

35

30

25-

20-

15

10

5-

0-

10

D
a

y - 0.976X-1.294
r - 0.987

15 20 25 30
CAP PbB (|ig/dL)

35 40
T

45
i

50

Figure 4-2. Performance of the Cincinnati project in the College of American Pathologists proficiency program Tor blood
lead analysis during the period June 1989 to September 1991.



160

140

I120
a.

100
O
"o
0 80

60

40

20

y - 1.001 x-1.001
r - 0.980

20 40 60 80 100 120 140 160

CDC FEP (iig/dL)

Figure 4-3. Performance of the Cincinnati project in the Centers for Disease Control proficiency program for free
erythroporphyrin (FEP) analysis during the period June 1989 to September 1991.



TABLE 4-7. UNIVERSITY OF CINCINNATI PERFORMACE IN THE ANALYSIS
OF HEMATOLOGY CONTROLS

HEMATOCRTT (%) HEMOGLOBIN (g/dL)

University of
Fisher (Target Cincinnati Fisher (Target

Lot # Value) Results Value)

X S.D. X S.D. X S.D.

Lot 1
(Phase 1) 34.3 3.0 33.6 0.5 11.7 0.8

Lot 2
(Phase 3) 33.9 3.0 33.3 0.5 11.8 0.8

Lot 3
(PhaseS) 30.5 2.0 28.9 0.6 12.3 0.5

Lot 4
(Phase 7) 30.5 3.0 29.3 0.7 12.3 0.8

University of
Cincinnati Results

X S.D.

11.4 0.1

12.0 0.2

12.4 0.4

12.5 0.4

TABLE 4-8. SERUM IRON AND TOTAL IRON BINDING
CAPACITY SERUM POOLS

Identity

Lot-M4*
LotMS
LotM6

Number
of

Analyses

16
16
18

Serum FE
X

57.9
110.4
80.6

S.D.
2.2
5.8
3.9

TffiC

X
305
309
301

S.D.

13
20
13

% Saturation
X
18.9
35.9
26.8

S.D.

1.0
1.3
0.8

Human samples; BO target value.

one out of every 10 unknowns and not necessarily done on the same day. They were,
however, collected within 6 mo.

Field Lab Sieving Blanks consisted of material obtained from a sand/gravel quarry in
Cincinnati. These materials were previously determined to be very low lead content (Que
Hee et al., 1985). There were three types of native soils analyzed:
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Blank #1. Lake bed clays possibly Wisconsin glacial stage 20-25,000 years old.

Blank #2. miniosian Till, 125,000 years old.

Blank #3. Pre-glacial Fluevial (river) sand, 150,000 years old.

They were sieved to < 250 \i particle size and randomly inserted in the unknown
sample stream. Results are shown in Table 4-9.

TABLE 4-9. SOIL FIELD LAB BLANKS

Blank*
1
2
3

N

90
116
94

X

11.0
14.4

15.1

S.D. Minimum Value
10.6
11.0
8.9

0.9
0.9
3.5

Maximum Value
54.8
65.2
53.9

C.V.

96
76
59

Study control samples for soil analysis were provided by EMSL - Las Vegas and
provided to each of the three Soil Projects. The raw samples were collected in each city and
shipped to EMSL where they were sieved, analyzed, and redistributed to the projects. These
soils were randomly inserted into the study's sample stream and analyzed unknown to
laboratory staff.

An X-ray Spectrometer (XRF) and Atomic Absorption Spectroscopy (AAS) concensus
value for the samples was determined in a round robin exchange among the cities. Also
from these data a correction factor for each city was calculated. The factor when applied to
all soil results yielded comparable data among the three projects. The following table
(Table 4-10) gives the results of our analysis, the corrected concentration and the concensus
value determined by the round robin exchange for the particular QC samples used in our
study. Our labs digestion and AAS values for three of the samples was: Bos M=6,937,
Cin H = 13,195 and Cin L=379.

Two reference control samples were placed within each set of 16 samples analyzed on
the KEVEX XRF instrument. Their average concentration as determined by repeated
analysis was 170 ppm and 1066 ppm of Pb. A 2 standard deviation linvt was set as rejection
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TABLE 4-10. UNIVERSITY OF CINCINNATI LAB PERFORMANCE
IN ANALYZING ENVIRONMENTAL MONITORING SYSTEMS

LABORATORY QUALITY CONTROL SOIL SAMPLES
BY X-RAY SPECTROMETER0

BalM

BosM

CinH
CinL

N

49

32

31
130

X (ppm)
1,016
6,654

14,890
301

S.D.
40

268
635

11

C.V.

4

4

4

4

Corrected
xa(ppm)

884
5,788

12,951
262

Consensus
Valueb (ppm)

-
6,175

12,499
335

* x '« were multiplied by the constant 0.8698 determined by the intercalibration study to adjust for 'within"
variance.

bConsensus value for soil samples determined by XRF using the mi
°DaU are from QC samples analyzed during phases 2, 3, 5, and 9.

variance.
bConsensus value for soil samples determined by XRF using the multiplicative model with weight = 1.

criteria and subsequently any XRF run of samples with one or more of these QC samples
outside of the established range was re-analyzed.

4.4.3 Quality Control Evaluation for Exterior Dust
The exterior dust QC program consisted of the following components:

1. Field duplicates (co-located samples)
2. Field lab sieving blank
3. Blind control samples supplied by EMSL - Las Vegas
4. Low and High reference samples

The Quality Control used for the exterior dust was the same type as used for the soil.
Duplicates were collected for one out of every 10 unknowns. Field lab sieving blanks were
the same material as used for the soil. The EMSL-Las Vegas QC were also soil material of
the concentrations used with soil. These were all dispersed randomly throughout the exterior
dust samples. The reference controls were also the same samples. Table 4-11 shows the
concentrations of the blanks prepared with the exterior dust and Table 4-12 performance on
analysis of EMSL QC samples (compare with Table 4-10).
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TABLE 4-11. EXTERIOR DUST FIELD LAB BLANKS

Blank*

1

2
3

N

44

44

45

24.5
28.0
22.7

S.D.

4.9
8.1
6.5

Minimum Value
6.1

13.0
9.6

Maximum Value
30.4

64.4

26.3

c.v.
20

29
29

TABLE 4-12. ENVIRONMENTAL MONITORING SYSTEMS QUALITY CONTROL
SOIL SAMPLES ANALYZED WITH EXTERIOR DUST SAMPLES

(Phases 1,2,3,5 and 9)

N

48
24
23

117

X (ppm)
1,015
6,630

14,582
314

S.D.

43

326
826

56

C.V.
4

5
6

18

Corrected X* Consensus Valueb (ppm)
883

5,757
12,683

273

6,175
12,499

335

8 x 's were multiplied by the constant 0.8698 determined by the intercalibration study for "within" lab variance
Consensus value for soil samples determined by XRF using the multiplicative model with weight = 1. The
bi-weight range is currently being determined.

4.4.4 Quality Control Evaluations for Interior Dust
The interior dust QC program consisted of the following components:

1. Field Duplicates
2. Field Blanks
3. Blind control samples supplied by

EMSL - Las Vegas
4. Lab method and reagent blanks
5. Lab duplicates
6. Lab controls
7. AAS analysis - duplicates and % recovery

Interior dust duplicates were collected at one every 25 residences at a spot adjacent to
the study sample site. Table 4-13 shows the average difference between those results for
each sample type and within each collection phase.
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TABLE 4-13. PERFORMANCE ON ANALYSES OF
ENVIRONMENTAL MONITORING SYSTEMS LABORATORY

QUALITY CONTROL DUST SAMPLES

1
b

Bal

Bos
Cin

Cin

ML

H

L

MH

x 's were
Consensus

N

34

35
26
38

X*(ppm)
1,727

24,104
259

2,683

S.D.
275

2,337
44

225

multiplied by the constant 0.9839 determined by the
value for soil samples determined by XRF using the

C.V.

16

10
17

8

intercalibntion study
multiplicative model

Consensus Valueb

1,492
N/A

232
2,378

for 'within" lab
for "within" lab

variance,
variance.

Field blanks were collected during the last four phases of the project. These consisted
of setting the pump on a table with the nozzle pointed upward and collecting air into an
empty sampling cassette for 3 min. The concentration range of 44 blanks was 0.11 • 1.75 /zg
Pb with an average of 0.48 n%fPb ±0.35. Three samples had a Pb concentration greater
than 1.0 ng and were considered contaminated. The sample weights were all very low
- < 0.0009 g.

Samples prepared by EMSL - Las Vegas were disguised using fictitious family
identities and sent to the laboratory. The samples, shipped from EMSL, were sampling
cassettes containing a known amount of standard dust. They were inserted into the studies
sample stream at the field office.

The laboratory handling of the interior dust samples was a fully controlled process in
which validity of the data was determined by whether or not blanks and controls fell within
established weight or concentration limits. The limits were calculated using the results of the
first 25 assays of each QC type. If more than three of the six QC samples in a run were
outside of the defined limits, the entire set was considered invalid. In this project 154 sets of
interior dust samples were analyzed. Three interior dust sets (2%), of 22 unknowns each,
were not acceptable according to these QC criteria.

The initial preparation of the samples was very important. Due to the small sample
size collected by our vacuum method, the accuracy of the weight measurement was critical.
Weight corrections were applied to all unknowns in a set if blank values were > 1 standard
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deviation (SD) and < 2 SD of an earlier determined average method blank weight nf both
blank weights were > 2 SD of the average method blank weight, then the QC sample was
considered out of limits. All samples were digested and analyzed after weight measurements
were determined, however, samples that weighed less than 0.002 grams (n = 45; 1.8%)
were not calculated in ppm. Average weights for the Soil Project dust samples for each type
of interior dust in each phase are shown in Table 4-14.

TABLE 4-14. AVERAGE WEIGHTS OF INTERIOR DUST SAMPLES (Grams)

Phase
01
02
03
05
09

Entry X
0.0567
0.0227
0.0350
0.0750
0.0700

Floor X

0.0435
0.0279
0.0350
0.0672

-

Window X

0.1164
0.0690
0.0386
0.1859

-

Mat X

0.0115
0.0479
0.0739
0.0596

-

(Total number of samples = 2,490).

There are several types of blanks in our preparation and digestion procedure for interior
dust analysis. These include the method blank, preparation reagent blank and digestion
reagent blank. The purpose of all of these samples are two fold: (1) to determine the true
amount of weight or lead that is present in the unknown samples, and (2) to detect the
presence of contamination in the collection, preparation, and digestion of study samples
unknowns.

Method lab blanks consisted of blank cassettes loaded with filter and support pads and
from the same lot of cassettes as used for the unknowns. These blanks were inserted during
the evaporation or preparation stage of each day's set of samples. A reagent blank was also
inserted at this point in each set and was actually a pre-weighed beaker of 50 ml of
deionized/distilled H20. Another reagent blank was introduced during the digestion step.
This was done at a rate of one per day and was simply an empty beaker handled as a sample
beaker.
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The amount of lead in the method lab blanks ranged from 0.14-4.31 /xg Pb found.
Eight of 128 were > 1.0 ng Pb - the rejection limit. Preparation reagent blanks ranged from
0.13 to 10.0 /xg of Pb found with nine of 128 samples exceeded the rejection limit of
> 1.0 ^g of Pb. The digestion lab blank had seven values of 128 not accepted and ranged in
concentration from 0.13 to 4.17 pg Pb per sample.

There were two National Institute for Standards and Technology (NIST) standards used
to track the accuracy of the interior dust method. They were standard #1648 Urban
Paniculate with a known Pb concentration of 6,550 ppm and Standard # 1646 Estuarine
Sediment of concentration 28.2 ppm. One of the NIST Standards (#1646 or #1648 arbitrarily
chosen) and duplicates of either of the reference samples were chosen to be incorporated into
the initial preparation of the samples. Approximately 50 mg of each standard dust was
weighed into a clean cassette and resealed. Prior to digestion of the samples 50 mg of the
NIST standard, the same as was added to the prep stage of that set, was weighed into a
beaker and digested along with other samples of the set. These gave us the means needed to
track the handling and analysis of the samples. In addition, two bulk dusts taken from homes
in the Cincinnati area were used to track the precision of the method over the course of the
study. These latter QC samples were intended to be more valid urban dust standards than
the NIST standards (Table 4-15).

The performance of the AAS instrument was also subject to QC monitoring. One in
every 25 samples was analyzed in duplicate. Every 20th sample was used to determine
percent recovery. The average difference between 160 duplicates was 1.42 ± 1.85 ng. The
percent recovery calculated from 189 spiked samples averaged 102.2% ± 5.6.

4.4.5 Quality Control Evaluations for Interior Dustfall
The interior dustfall QC program (Table 4-16 and 4-17) consisted of the following

components:
1. Field duplicates
2. Lab method and reagent blanks
3. Lab duplicates
4. Lab controls
5. AAS-duplicates and percent recovery
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TABLE 4-15. SOIL PROJECT INTERIOR DUST
QUALITY CONTROL STANDARDS

(Floor and Window)

Sample
NIST 1,646
(28.2 ppm)
NIST 1,648
(6,550 ppm)

REFERENCE LO

REFERENCE ffl

Stage of Analysis
Prep Digestion

Prep Digestion

Prep Digestion

Prep Digestion

N

105
57

46
19

118
23

113
28

X (ppm)
28.2
28.2

7,052
6,946

279
281

2,802
2,766

S.D.

4.7
3.6

528
318
52
39

191
133

C.V.

16.6
12.8
7.5
4.6

18.5
14.0
6.8
4.8

TABLE 4-16. INTERIOR DUSTFALL FIELD DUPLICATES

Sample # 'I.
211
212

285
286
311
312
236
237

ppmPb
454
152

14
23
44
122
482
572

Sample #
260
261
160
161
136
137
186
187

ppm Pb
210
74

47
305
353
356
103
40

TABLE 4-17. QUALITY CONTROL STANDARDS ANALYZED
WITH DUSTFALL SAMPLES

Sample
NIST 1646
(28.2 ppm Pb)
Reference Lo
Reference Hi

Stage of Analysis
Prep Digestion

Prep
Prep

N

12
13
11
14

X (ppm)

34.5
28.9

314
2,960

S.D.

6.2
4.1
3.8

210

C.V.

18
18
12
7
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Interior dustfalJ samples were collected during two phases of the Soil Project - Phase 02
and 06. Field duplicates but not field blanks, were obtained at one in every 25 residences in
Phase 06. The comparison of the resulting eight duplicates is listed below.

The laboratory quality control was identical to that for the interior dust samples. There
was a method blank or empty container prepared as a sample. Reagent blanks were inserted
at each stage of sample handling and NIST and reference standards were used to track the
accuracy of the method.

The concentration of all blanks was below the 1.0 /tg Pb rejection limit. The NIST
standard inserted into the analyses was Standard #1646 Estuarian Sediment containing
28.2 ppm Pb. Low and high Pb concentration reference samples were also used. Out of
13 sets analyzed no sets had to be rejected. The standards are tabled in Table 4-17 and can
be compared with the standards and performances reported in Table 4-16.

The average difference for AAS analysis of duplicates was 1 ± 0.5 /tg Pb. The
average percent recovery of spiked samples was 104% ± 4.9.

4.4.6 Quality Control Evaluations for Hand Lead
The hand lead QC program consisted of the following components:

1. Field blanks
2. Blind control samples supplied by EMSL-Las Vegas
3. Lab method and reagent blanks
4. Lab controls
5. AAS-duplicates and percent recovery.

The acquisition and analysis of field blanks is very important to the evaluation of the
quality of the unknowns associated with it. Proper handling and documentation of the wipes
used is critical to that evaluation. In the Soil Project field blank limits were set at 0 ± 6 jig
Pb based on using the 2 standard deviation value for the lab reagent blank. Thus, any field
blank concentrations greater than 6 /ig indicated contamination and rendered its associated
sample or samples invalid. In addition, samples with a field blank less than 6 /*g would be
invalid due to suspicions such as samples containing less than 6 total wipes or using the
wrong lot of material to collect the sample. There were 2,369 hand wipe samples analyzed
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including field blanks and of the samples 55 were invalid based on the field blank
concentration.

Hand lead control samples were prepared by the EMSL-Las Vegas lab and sent to
Cincinnati for incorporation into the Soil Project samples. These samples contained aqueous
lead solution of various concentrations aliquoted onto six wipes. The samples included clean
wipes for use as field blanks. Before being sent to the lab the samples were labeled with the
fictitious family identities. Table 4-18 shows the results of those samples.

TABLE 4-18. ENVIRONMENTAL MONITORING SYSTEMS
LABORATORY QUALITY CONTROL HAND LEAD SAMPLES

Concentration
Level Oig)

O
L
M
H

Concentration Added by
N

94
38
36
38

X

0.1
4.8

17.8
38.0

S.D.

2.7
2.6
4.0
9.7

C.V.

5,086
54
23
26

EMSL 0*g)
0
5

20
40

The amount of lead added to the wipes is yet to be obtained from the EMSL-Las Vegas lab.

Lab reagent blanks were deemed invalid if <0 or >3 /ig of lead was found. Only one
out of 140 blanks was found to be invalid. Method lab blanks were used to correct all
samples by the amount of lead present in clean wipes. The value subtracted was the average
Pb concentration for all samples by the amount of lead present in clean wipes. The value
substracted was the average Pb concentration for all method blanks determined from the
same lot of wipes. There were different lots of wipes used in the Soil Project Study and
their lab blanks ranged in concentration from 5-23 pg Pb per 6 wipes (no. of wipes used per
child).

Lab controls were blank wipes spiked with a standard level lead solution. The
concentrations used were 4, 20, 40 and 100 jig/ml. To check the quality and concentration
portions of the stocksolution of each control were analyzed periodically by AAS. Limits
were established for all controls and used in the validation of the sample set. If 2 or more
controls or blanks were found to be outside of the established limits, the set was found to be
invalid. Eight out of 140 sets could not meet the QC criteria. Two sets of 22 unknowns
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(including field blanks) were excluded entry from the data base (less than 2%) while six sets
were included, but qualified.

Analytical duplicates and spiked recoveries were determined by the AAS analyst. One
in every 25 samples or hand leads were analyzed in duplicate and the average difference
between duplicates was 0.37. The percent recovery calculated from 150 spiked samples
averaged 102 ± 6.

4.4.7 Quality Control Evaluations for Water
The water QC program consisted of the following elements:

1. Field duplicates
2. Field blanks
3. Blind lab controls
4. Lab duplicate and percent recovery.

Water samples were collected from the residences during Phase 04 and 08 of the study.
Excluding field blanks and duplicates there were 278 water samples analyzed. Duplicates
were collected at 10% of the homes with a total of 26 samples collected at 13 residences
during both phases. The following Table 4-19 lists the study samples and their duplicates.

Field blanks were collected at 5% of the residences and totalled 10 samples. All values
were < 1.6 ng/dL. There were 2 concentration level controls incorporated into the unknown
samples, sent to the lab and analyzed blind. The results of these samples for both phases are
seen in Table 4-20.

All water samples were analyzed in duplicate and all were spiked and recovery of Pb
calculated. Since such a large percent of the sample concentrations fell below the detection
limit the average difference between duplicates was calculated using all duplicates greater
than 1.6 /ig/L. That difference was 0.4 ± 0.4 for 71 samples with a mean percent recovery
of these samples of 98% ± 4.

4.4.8 Quality Control Evaluations for Paint
The following QC program was used for determining the concentration of lead in paint

using a portable XRF:
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TABLE 4-19. COMPARISON OF DUPLICATE WATER COLLECTIONS

Sample Type
Wl
W2

Wl
W2
Wl
W2
Wl
W2

Wl
W2

Wl
W2

Wl
W2

Wl
W2
Wl
W2
Wl
W2
Wl
W2
Wl
W2
Wl
W2

TABLE 4-20.

Known
Concentration

10
27

Apt # Study Sample (/xg/L) duplicate (/tg/L)
008 <1.6 <1.6
008 <1.6 <1.6
063 <1.6 <1.6
063 <1.6 <1.6
137 <1.6 <1.6
137 <1.6 <1.6
151 3.0 2.2
151 <1.6 <1.6
054 <1.6 <1.6
054 <1.6 5.6
089 <1.6 <1.6
089 <1.6 <1.6
001 <1.6 <1.6
001 <1.6 <1.6
015 <1.6 <1.6
015 <1.6 <1.6
024 <1.6 <1.6
024 <1.6 <1.6
226 11.1 <1.6
226 <1.6 <1.6
207 3.3 <1.6
207 <1.6 <1.6
227 <1.6 <1.6
227 <1.6 <1.6
223 7.9 8.3
223 37.3 21.0

QUALITY CONTROL WATER SAMPLES ANALYZED BUND

Number
Analyzed X 0*g/L) S.D. C.V.

4 10.3 0.62 6
13 28.2 2.00 7
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1. NIST reference lead film calibration checks.
2. Triplicate readings at each sampling point.

4.5 SOIL LEAD CONCENTRATIONS
Soil lead concentrations by sampling phase, sample type (surface, top and bottom) and

study area are presented in Table 4-21 and Figures 4-4, 4-5 and 4-6. Geometric mean
values, upper and lower confidence limits, 95%-tile values and number of samples are
presented. Soil abatement occurred in Area A just prior to Phase 2 sample collection (Sept.-
Oct. 1989) and just after Phase 5 sample collection (June-July 1990) in Area B. As planned,
the final soil lead sampling in Area C (Phase 09, June-Aug. 1991) occurred just prior to
Area C soil abatement.

Abatement Impact
Pre- and post-soil abatement soil lead concentrations in Area A are represented by

samples collected in Phases 00 and 02, respectively. Soil lead abatement in Area A resulted
in a decrease in the geometric mean lead concentration of 140 ppm in the composite surface
scrapings, 146 ppm in the top 2 cm composite core samples and 113 ppm in the bottom 2 cm
composite core samples. The 95%-tile soil lead concentration in the top 2 cm decreased
from 2,695 ppm to 422 ppm. The decreases are statistically significant (p <0.05) as
indicated by the 95 % confidence limits which do not overlap. Soil lead concentrations did
not decrease between Phases 00 and 02 in Area B and C where soil lead abatement did not
occur between these sample collection phases.

The effects of soil lead abatement in Area B, which occurred during the Aug.-Sept.
1990 period can be seen by comparing top 2 cm composite core lead soil lead concentration
from Phase 05 samples (June-July 1990) and Phase 09 samples (June-July 1991). Soil lead
abatement in Area B was associated with a decrease in the geometric mean soil lead
concentration of 102 ppm.
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TABLE 4-21. SOIL LEAD CONCENTRATIONS
(All Sampling Patterns)

PhaaeO M. (LCL-UCL)

A. Surface Scraping*

00

Are* A

189(158-226)

Are* B

95*-til.(n)

1.996(242)

O.M. (LCL-UCL)

101(90-114)

95* tile (n)

776 (273)

AreaC

O M. (LCL-UCL)

154(135-177)

95« l i le (n)

1.653 (311)

SOIL ABATEMENT AREA A

02

03

49.4(39.5-61.8)

59.3(43.4-81.0)

260(55)

532 (51)

155(134-179)

122(105-143)

1,572(281)

1,258(192)

126(105-150)

110(922-131)

1.759(179)

979(171)

B Top 2 cm Core Compoaite Sample*

00 200(162-245) 2,659 (195) 103(91-116) 780 (230) 140(119-164) 1,200(224)

SOIL ABATEMENT AREA A

02

K> 03oo
05

54.0(46.1-63.3)

44.3 (37.4-52.4)

51.8(44.3-60.7)

422 (160)

403(160)

430 (155)

148(133-164)

161(143-180)

161 (144-180)

1.192(369)

1,729(385)

1,509(380)

163(139-191)

170(142-203)

145(124-169)

1.347(241)

1,902(235)

1,394(712)

09 58.8 (49.7-69.7) 660(159)

SOIL ABATEMENT AREA B

59.5(545-64.9) 249(372) 161(137-190) 1.345(232)

SOIL ABATEMENT AREA C

C. Bottom 2 cm Composite Sample* From 15 cm Core*

00

02

03

215(176-262) 1,612(185)

SOIL ABATEMENT AREA A

102(69.8-151) 760(42)

91.8(56.4-150) 1,503(43)

62.4(56-70)

103(87.6-122)

70.4(56.2-88.0)

383 (230)

1,162(203)

897 (125)

114(98-133)

114(90.1-144)

86.9(66.3-114)

848(217)

1,044(89)

813 (87)

OM » geometric mean; LCL - tower confidence limit of geometric mean; UCL - upper confidence limit of geometric mean.
Tout Number of Sample*: eurCwe acnpinga (1,755); top 2 cm compotitei (3,729); bottom 2 cm compoiitea (2,218); total = 7,702.



200

Phase 0 Phase 2 Phases

Figure 4-4. Surface scraping soil lead concentrations by Area during the
preabatement (Phase 0) and early postabatement (Phases 2 and 3) periods.

Building Debris
Many of the soil areas in this demonstration project are thought to be at locations where

buildings bad previously been demolished. During sample collection each of the bottom
2 cm cores was visually examined to determine if building rubble could be visually observed.
The presence of such evidence would support the hypothesis that building debris was used as
part of the "soil" and that a building may have been located there. Soil lead concentrations
may tend to be higher hi such locations because of the lead-based paint that would likely be
associated with some of this debris. Soil lead samples where "rubble was observed" had
higher lead concentrations in Areas B and C but the difference was significant only in
Area C (Table 4-22) for the pre-abatement sampling period, Phase 00. Rubble was observed
in 42% of the samples in Area A, 30% in Area B and 39% in Area C.
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250

Phase 0 Phase 2 Phased Phases Phase 9

Figure 4-5. Soil lead concentrations in the top 2 cm by Area. Abatement occurred
between phases 0 and 2 in Area A, and 5 and 9 in Area B.

Sampling Pattern
As described in the Methods section, four sampling patterns were utilized: line

(source)-on lots adjacent to suspected sources of lead such as buildings; line (area)-in the
middle of large areas; small area; and targeted areas (play areas and bare soil areas). Parcels
sampled by the line (source) pattern were sampled along three parallel lines (in constrast to
one for line (area) parcels).

Soil lead concentrations by sampling pattern, sample type and study area are shown for
the pre-abatement sampling Phase 00 (Table 4-23). Also shown are soil lead concentrations
for all patterns combined (previously shown in Table 4-21). Soil lead concentrations for line
(source) sampling locations were higher than for line (area) locations for all sample types and
all study areas, as hypothesized. (These differences were statistically significant except for
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Phase 0 Phase 2 Phase 3

Figure 4-6. Soil lead concentrations in the bottom 2 cm of a 15 cm core, by area.
Abatement of Area A was between Phase 0 and 2. Data are not available
after Phase 3.

the top and bottom 2 cm samples hi Area C.) For the top 2 cm samples, line (source) soil
lead concentrations were 25 times higher than line (area) concentrations hi Area A, 63%
higher in Area B and 26% higher in Area C. Only surface scrapings were collected from
"targeted" sampling areas. Soil lead concentrations for "targeted" areas were generally
intermediate between those for line (source) and line (area) patterns. Soil lead concentrations
for "small area" were generally the highest of the area sampling patterns for Area A where a
number of these areas appeared to have existed for many years with little disturbance but
were the lowest in Area C. (There was only one small area sample hi Area B.)
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TABLE 4-22. COMPARISON OF SOIL LEAD CONCENTRATIONS ACCORDING TO
WHETHER OR NOT RUBBLE AT DEPTH WAS OBSERVED

PHASE 00

Rubble Observed

Rubble Not
Observed

Area A

G.M. (LCHJCL)

210(165-267)

207(153-281)

Bottom 2 cm

95%-tile(n)

1,001 (81)

1,861 (101)

Composite Samples from 15 cm Cores

AreaB

G.M. (LCl^UCL) 95%-tile (n)

74(58-95) 617(69)

58(51-66) 325(161)

AreaC

G.M. (LCL-UCL)

160(126-203)

93(77-112)

95%-tile (n)

852 (84)

659(132)

GM = geometric metn; LCL - lower confidence limit of geometric mean; UCL =* upper confidence limit of geometric mean

4k.
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TABLE 4-23. COMPARISON OF SOIL LEAD CONCENTRATIONS
BY SAMPLING PATTERN

PHASE 00

Sampling Pattern

A. Surface Scraping!

All combined

Line (Source)

Line (Area)

Small An*

Targeted

O.M. (LCL-UCL)

119 (158-226)

201 (160-254)

93(67-128)

1,115(536-2.321)

171 (US-253)

Area A

95»-tile(n)

1,996 (242)

2,856(153)

579(35)

18,074(11)

1,570(43)

0 M (LCL-UCL)

101 (90-114)

131 (107-159)

82(73-92)

168

83.0(60-115)

Area B

95%-tile (n)

776 073)

1.195(122)

216(108)

168 (1)

626 (42)

O.M. (LCL-UCL)

154(135-177)

205 (170-247)

133(113-156)

81 (51-128)

113(88-145)

Area C

95% tile (n)

1,653(311)

2,171 (176)

281 (26)

1,764(33)

1,500(76)

B. Top 2 cm Cora Composite Simple*

All Combined

Line (Source)

Line (Area)

Small Area

200(162-245)

213 (170-268)

84(59-120)

1,183(533-2,627)

2,659 (195)

2,755(150)

612(34)

21,576(11)

103(91-116)

129(107-156)

79(71-89)

130

780 (230)

1.184(122)

192 (107)

130(1)

140(119-164)

160(132-194)

127(110-147)

74(48-114)

1 ,200 (224)

1,473(166)

271 (76)

1.110(32)

C. Bottom 2 cm Composite Sample* From 15 cm Core*

All Combined

Line (Source)

Line (Area)

Small ATM

215 (176-262)

218 (176-270)

111(72-172)

908(3(3-2,152)

1,612(185)

1.532(147)

617 (27)

14,327(11)

62 (56-70)

82(68-98)

46(42-51)

69

383 (230)

566(122)

137(107)

69(1)

114(98-133)

128 (107-154)

77(51-117)

85(62-116)

848(217)

852 (161)

592(26)

393 (30)

GM = geometric mean; LCL — lower confidence limit of geometric mean; UCL = upper confidence limit of geometric mean.
Total Number of Sample* - 2,107.



4.5.1 Grass Cover
One of four categories of "grass cover" were assigned to each soil sample: fully-

covered, >50% covered, <50% covered and bare. The soil lead concentrations in the
surface scrapings in Phase 00 samples, presented in Table 4-24 and Figure 4-7, did not differ
in any systematic way for those grass cover categories. Lead concentration in the two
partially-covered categories were lower than in the bare locations in Area A; in Area C,
concentrations in the locations with less than 50% grass were lower than in any of the other
categories. The percent of sampling areas with >50% of the area bare, for Areas A, B and
C was 55%, 57% and 75%, respectively.

4.5.2 Component Neighborhoods Within Study Areas
Areas B and C each included multiple non-contiguous neighborhood components:

Findlay, Back & Dandridge for Area B and Glencoe and Mohawk for Area C. Soil lead
concentrations for surface scrapings, top 2 cm cores and bottom 2 cm cores are shown in
Table 4-25 for Phase 00 and 02. The Dandridge neighborhood of Area B was not added to
the study until Phase 01, which did not contain soil sampling. Thus the initial soil samples
for the Dandridge neighborhood were collected in Phase 02. It is unlikely that this 3-6 mo
delay in sampling introduced any significant bias to the resultant data. Soil lead
concentrations in the Findlay neighborhood were somewhat higher than those in the Back
neighborhood while those in Dandridge were more than twice as high as either of these two
for all sample depths. Concentrations in the Mohawk neighborhood were about twice as high
as those in Glencoe for the surface scrapings and top 2 cm cores but only somewhat higher
in the bottom 2 cm cores.

Building Debris. In the Findlay neighborhood of Area B and in the Mohawk
neighborhood of Area C the geometric mean soil lead concentration in the bottom 2 cm
samples were higher in samples where "nibble was observed" (Table 4-26), as was
anticipated.

Grass Cover. In Area A neighborhoods lead concentrations in surface sampling were
lower in locations with more than 50% grass cover than in fully-covered areas (Table 4-27).
In the Dandridge neighborhood concentrations increased as the extent of grass cover
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TABLE 4-24. SOIL LEAD CONCENTRATIONS IN SURFACE SCRAPINGS BY EXTENT OF GRASS COVER (ppm)
(Initial Soil Samples [Phase 00])

Area A

Gnus Cover

Grass-Covered

>50% Grass

<50% Grass

Bare

OM - (eometric mini

G.M. (LCL-UCL)

240(155-371)

135(101-182)

123(91-166)

340(235-492)

95% -tile (n)

1.996 (48)

1,391 (61)

1,141 (68)

3,375 (65)

LCL - lower confidence limit of MomMric IM«I: UCL

AreaB

G.M. (LCL-UCL)

135(84-217)

97(85-111)

96(80-116)

103(78-135)

« uooer confidence limit of M

95%-tile (n)

1,270(24)

268 (94)

705 (73)

1,614(82)

Area C

G.M. (LCL-UCL)

193 (135-275)

182(131-254)

95(74-121)

185 (151-228)

number of umolei

95% -tile (n)

2,171 (39)

1 ,764 (39)

849 (86)

1,884(147)



Grass-Covered > 50% Grass < 50% Grass Bare

Figure 4-7. Distribution of lead concentrations by ground cover type and area, prior to
abatement.

decreased. In the Glencoe neighborhood of Area C, concentrations were higher in bare
location than in those with less than 50% grass-cover.

4.6 EXTERIOR DUST
Exterior dust samples were collected from several types of locations: targeted samples

near entrances of study subject homes; street, sidewalk and alley samples collected
throughout the study area; and samples collected from parking lots and other paved areas.
Both lead concentrations (ppm) and lead loadings Og Pb/m2) were determined. (Only lead
concentration data are available at this time.) Exterior dust samples were collected for all
sample locations during Phases 1, 2, 3 and 5 but only for targeted samples for Phase 9.
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TABLE 4-25. SOIL LEAD CONCENTRATIONS BY AREA
COMPONENT NEIGHBORHOODS (ppm)

Sample

Are* B

Are* B

Are* B

Are. C

Are* C

Are* C

'Neighborhood

Surface Scraping
Total Are*
Findlay
B*ck
Daodridge

Top 2 cm
Total Are*
Fiadlay
Back
Dand ridge

Bottom 2 cm
Total Are*
Findlay
Back
Dandridge

Surface Scraping
Toul Area

Olencoe

Mohawk

Top 2 cm
Toul Are*

Gleocoe

Mohawk

Bottom 2 cm
Toul Are*

Glencoe

Mohawk

G.M.

101
124

SO
not umpled

103
117
87

not umpled

62
60
66

not umpled

154

109

244

140

104

206

114

103

132

PhaaeOO

95* -die

776
1,270

299
not umpled

780
1,184

256
not umpled

384
566
272

cot umpled

1,653

602

2,547

1,200

580

2,547

848

510

1,346

n

273
149
124

not umpled

230
132
98

not umpled

230
131
99

not umpled

311

177

134

224

128

96

217

127

90

G M

155
85
73

303

148
122
93

257

103
48
70

144

126
(104-152)

95
(79-113)

218
(152-311)

163
(139-191)

115
(96-138)

251
(194-324)

114
(90-145)

100
(81-123)

147
04-255)

Phase 02

95* -tile

1,572
1,085

205
2,071

1,192
1,437 .

247
1,617

1,162
438
181

1.503

1,759

465

2,192

1,347

804

2,666

1,044

424

1,677

n

281
89
53

139

369
134
103
132

203
45
26

132

179

118

61

241

133

108

89

59

30

NoU: Soil abatement did not occur in arau B ft C during above time period*.
GM = geometric metn.
n > number of umplei.

Exterior dust lead concentrations are shown in Table 4-28 for all locations and for
street, sidewalks and alleys (also shown in Figure 4-8) and in Table 4-29 and Figure 4-9 for
targeted areas and for parking lots and other locations. Geometric mean concentrations in
Area C are consistently about one-fifth to one-half of those in Areas A and B. For samples
from "All Locations", concentrations were lower in Area A than in Area B for Phases 1 ,3 ,

4-37



TABLE 4-26. SOIL LEAD CONCENTRATIONS (BOTTOM 2-cm SAMPLES)
IN NEIGHBORHOODS BY PRESENCE OR ABSENCE OF RUBBLE

OBSERVED AT DEPTH
(Initial Soil Samples [Phase 00])

Area and
Neighborhood

A. Pendelton

B. Findlay

Back
*

Dandridge

C. Glencoe

Mohawk

Rubble

G.M. (LCL-UCL)

210(165-267)

83 (55-124)

63 (52-76)

157(119-206)

112(82-152)

204(146-283)

Observed

95% -tile (n)

1,001 (81)

1,434(40)

156 (29)

1,503(83)

630 (34)

1,346(50)

Rubble Not

G.M. (LCL-UCL)

207(153-281)

52(44-61)

68(57-81)

125(89-175)

101 (82-123)

76(50-117)

Observed

95% -tile (n)

1,861 (101)

332 (91)

325 (70)

871 (46)

494 (92)

1,167(40)

Initial toil uraplei collected during Phaie 02.
GM = geometric mean; UCL = lower confidence limit of geometric mean; UCL = upper confidence limit of geometric mean;
n « number of uraplei.

and 5 but were about the same immediately after abatement in Area A, Phase 02. For
"street, sidewalk and alley" samples, concentrations in Area A and B were similar except for
Phase 03 at which time they were lower in Area A. Samples from "parking lots and other
locations" were lower than samples from other locations in all study areas. Lead
concentrations in targeted samples were similar for Area A and B and were much lower in
Area C, about 20-25% of those in Areas A and B. Exterior dust lead concentration were not
expected to be altered by dust removal, since the sources of the exterior dust (e.g., from
adjacent streets, sidewalks and other paved areas as well as paint chips and dust from lead-
based painted houses) were not removed.

Exterior dust lead loading (mg Pb/sq. m.) data are presented for "all locations",
"streets, sidewalks and alleys", "targeted locations" (at the exterior entryways of subjects'
residences) and for "parking lots and other locations" in Table 4-30 and Figures 4-10 and
4-11. Data for "streets, sidewalks, and alleys* are further divided in Table 4-31 by the
roadway areas ("streets", and "alleys") and by the sidewalks of each of these roadway types,
called "sidewalks (streets)" and "sidewalks (alleys)". The exterior dust abatement in Area A,
which occurred between Phases 01 and 02, did not produce any detectable reductions in dust
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TABLE 4-27. SOIL LEAD CONCENTRATION IN SURFACE SCRAPINGS
BY NEIGHBORHOOD AND BY EXTENT OF GRASS COVER (ppm)

(Initial Soil Samples [Phase 00])
A AREA B NEIGHBORHOODS

O

Grin Covered

>50% Or.i.

<50% Or.M

Bin

B. AREA C NEIGHBORHOODS

Findl.y

.M. (LCL-UCL)

257(144-457)

99(84-117)

124(95-163)

129 06- 194)

OhneM

O.M. (LCL-UCL)

Ort 11 Covered

>50% Or»n

<50% Onit

B.re

78(41-148)

161 (103-252)

73 (58-91)

140(113-174)

95Vtile (n)

1,513(11)

262 (47)

752 (40)

1.738(51)

95%-tile (n)

147(3)

2,910(19)

395 (68)

664(87)

B.ck

O.M. (LCL-UCL)

78(43-143)

95(77-117)

71 (58-86)

70(57-87)

Mohiwk

O.M. (LCL-UCL)

208(142-302)

206(126-337)

260(137-492)

278 (191-405)

95% tile (n)

937(13)

299(47)

273 (33)

239(31)

95% -tile (n)

2,171 (36)

1,612(20)

2,749(18)

3,440 (60)

Dtndridge

O.M. (LCL-UCL)

175034-229)

237(166-338)

441 (333-S84)

696(244-2,167)

C. AREA A NEIGHBORHOODS

Pendehon

O.M. (LCL-UCL)

240(155-371)

135(101-1S2)

123(91-166)

340(235-492)

95* tile (n)

447 (28)

2.680 (46)

1 ,933 (60)

2.975 (5)

95% -tile (»)

1 ,996 (48)

1,391 (61)

1,141 (68)

3,375 (65)

*Initi«l toil umplei collected in Phwe 02.
OM » geometric mean; UCL - lower confidence limit nf geometric mean; UCL = upper confidence limit of geometric me«n; n = number of urnplei.



TABLE 4-28. EXTERIOR DUST LEAD CONCENTRATIONS (ppm)

All Locations

Phase

01

Area A

G.M. (n)

1,314 (217)

(1,151-1,500)"

Area B

G.M. (n)

1,905 (304)

(1,683-2,156)

Area C

G.M. (n)

586 (186)

(493-697)

Streets

Area A

G.M. (n)

1.886 (110)

(1,573-2,262)

, Sidewalks, Alleys

Area B

G.M. (n)

2,216 (192)

(1,919-2,559)

Area C

G.M. (n)

829 (98)

(658-1,045)

EXTERIOR
ABATEMENT"

02

03

05

1,707 (309)

(1,530-1.905)

928 (197)

(792-1,090)

1,312 (194)

(1,128-1,526)

1,793 (359)

(1,615-1,991)

1,658 (272)

(1,463-1,882)

1.970 (269)

(1,744-2,226)

529 (228)

(457-612)

464 (174)

(404-536)

594 (192)

(501 -703)

2,154 (198)

(1,897-2,446)

1,158 (107)

(946-1,418)

2,084 (108)

(1.733-2,507)

1,794 (267)

(1,582-2,034)

1,699 (186)

(1,439-2.005)

1,972 (190)

(1,708-2,279)

619 (144)

(504-762)

634 (98)

(526-768)

816 (99)

(653-1,019)

EXTERIOR
ABATEMENT"

06

07

09"

1,184 (167)

(1.025-1,369)

1,255 (10)

(652-2,414)

1,878 (10)

(1,233-2.861)

1,954 (305)

(1,745-2,188)

1.888 (30)

(1.335-2,670)

1,543 (31)

(979-2,432)

581 (192)

(490-690)

507 (62)

(359-715)

529 (62)

(347-748)

1.826 (79)

(1,493-2,232)

n.a.

not sampled

2,077 (227)

(1,833-2,355)

n.a.

not sampled

667 (99)

(526-846)

n.a.

not sampled

O M = geometric mean; n ~ number of aamplea; *• lower confidence limit
l.xiiion umplei for thii ph«e; n.a. » not available at thii time.

**upper confidence limit; • exterior •htteinent - toil *nd exterior du«t •bitement; = only includes targeted
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Figure 4-8. Exterior dust lead concentrations in streets, sidewalks, and alleys by area.
Abatement in Area A, between Phase 1 and Phase 2 showed no apparent
effect on lead concentration.

lead loadings in any of the sampling locations except the residence-targeted locations where
more than a 50% reduction was observed. This reduction was not evident about 3 mo later
in Phase 03 sampling. Dust lead loadings in alleys were lower post-abatement in Area A but
they also were lower in Area B where no exterior dust abatement occurred at that time.
Exterior dust loading (g dust/m2), Table 4-32, revealed similar patterns as Table 4-30 and
Figures 4-10 and 4-11.
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TABLE 4-29. EXTERIOR DUST LEAD CONCENTRATIONS (ppm)

Targeted Locations

Phase

01

Area A

G.M. (n)

2,148 (31)

(1,690-2,727)*

Area B

G.M. (n)

1,791 (82)

(1,365-2,350)

Area C

G.M. (n)

469 (57)

(351-627)

Parking Lots and Other Locations

Area A

G.M. (n)

637 (76)

(545-743)

Area B

G.M. (n)

855 (30)

(648-1,127)

Area C

G.M. (n)

293 (31)

(197-435)

EXTERIOR
ABATEMENT"

02

03

05

1,845 (17)

(1,057-3,221)

1,484 (14)

(826-2,665)

1,863 (10)

(971-3,573)

2,431 (63)

(2,013-2,935)

2,098 (58)

(1,731-2,543)

2,789 (49)

(2.105-3,696)

422 (54)

(336-531)

274 (45)

(212-354)

475 (62)

(343 -663)

1,031 (94)

(857-1,239)

625 (76)

(483-810)

649 (76)

(543-778)

909 (29)

(672-1,228)

870 (28)

(680-1,114)

1,107 (30)

(820-1,493)

371 (30)

(303-453)

372 (31)

(298-465)

337 (31)

(256-443)

EXTERIOR tt
ABATEMENT"

06

07

09s

1,750 (10)

(949-3,229)

1,255 (10)

(652-2,414)

1,878 (10)

(1,233-2,861)

2,184 (48)

(1.526-3,127)

1,888 (30)

(1,335-2,670)

1,541 (31)

(977-2,431)

545 (62)

(389-764)

507 (62)

(359-715)

529 (62)

(347-747)

727 (78)

(616-857)

n.a.

not sampled

1 ,029 (30)

(834-1,270)

n.a.

not sampled

425 (31)

(j 19 -566)

n.a.

not sampled

O.M. = geometric mean; n ~ number of aamplea; « lower confidence limit - upper confidence limit;
libation umplei fur thii phiie; n.a. - not available at thii time.

exterior abatement - aoil and exterior duit abatement; = only includes targeted
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Figure 4-9. Exterior dust lead concentrations at targeted locations by area.

4.7 INTERIOR DUST LEAD
The primary locations where interior dust samples were collected are: at the interior

entry, a composite of several interior floor samples, and a window sill/window well sample.
Data results are expressed as both concentration (ppm) and as lead loading (jig Pb/m2).
Entry data are avaikble for Phases 1, 2, 3, 5 and 9; and floor and window data for Phases 1,
2, 3 and 5. Dusrfall and door mat data will be presented separately.

Geometric mean concentrations and loading results, along with sample size and upper
and lower confidence limits of the geometric mean (for dust lead loadings) are presented in
Table 4-33 for samples from the housing of initial study recruits. The sample size decreased
throughout the study due to attrition. Data for entry and floor lead concentrations and
loadings are also presented in Figures 4-12 and 4-13 (entry) and Figures 4-14 and 4-15
(floor).
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TABLE 4-30. EXTERIOR DUST LEAD LOADING
(mg Fb/m2)

Phaae/Location

All Location*
01
02
03
OS

Slreeta,
Sidewalki,

Alleya
01
02
03
OS

Targeted
Locationi

01
02
03
OS

Parking Lota
and Other
Locations

01
02
03
OS

Q.M.

262
24S
241
299

239
261
160
375

241
111
217
310

307
234
429
215

Are* A

(n>

(217)
(309)
(196)
(192)

(MO)
(198)
(107)
(108)

(3D
(17)
(14)
«

(76)
(94)
C7S)
(75)

(LCL-UCL)

(221-311)
(211-284)
(199-291)
(249-360)

(183-311)
(220-326)
(124-207)
(293-480)

(165-353)
(44-277)
(116-406)
(157-614)

(236-400)
(194-284)
(323-570)
(161-285)

O.M.

417
405
261
312

534
436
262
373

241
185
264
545

321
228
236
197

Are*B

(n)

(295)
(270)
(272)
(269)

(192)
(242)
(1«6)
(190)

(73)
(9)
(58)
(49)

(30)
(19)
(28)
(30)

(LCL-UCL)

(358-486)
(347-472)
(223-306)
(315-440)

(450-634)
(369-515)
(216-317)
(306-455)

(166-360)
(121-284)
(183-381)
(368-806)

(228-453)
(162-321)
(148-376)
(131-295)

O M .

152
161
80
117

237
161
115
155

Q5
n i
42
75

84
n.a.
62
102

Are* C

(n)

(186)
(96)

(174)
(185)

(98)
(96)
(98)
(99)

(57)
n.a.
(45)
(55)

(31)
n •
(31)
(31)

(LCL UCL)

(122-188)
(114-228)
(67-94)
(95-143)

(173-324)
(114-228)
(89-147)
(117-204)

(70-129)
n •.

(33-54)
(50 112 )

( 5 3 - 1 3 4 )
n a.

(50-77)
(75-138)

O.M. « geometric mem; LCL - lower confidence level of geometric mean; UCL
dun •bitement occurred in Are* A between PhteM Ot and 02.

' upper confidence level of geometric mean; n - number of aamplee; n.i. « not available. Soil and exterior
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Figure 4-10. Exterior dust lead loading in streets, sidewalks, and alleys by area.
Abatement in Area A, between Phase 1 and Phase 2 showed no apparent
effect on lead concentration.

Interior Entry Dust. Loadings in Areas A and B decreased by 48% and 71 %,
respectively, between Phase 01 and 02 (pre- and post-interior and exterior abatement for
Area A and pre- and post-interior abatement for Area B) compared to a reduction of 29% in
Area C where no abatement occurred. The same decrease persisted in the Phase 03 sampling
(Nov.-Dec. 1989) for Area A but for Area B levels increased somewhat (40% decrease from
Phase 01) and were somewhat lower still for Area C (34% decrease from Phase 01).
Interior entry dust lead loadings were highest in all areas during Phase 05 sampling
(June-July 1990). The increase from Phase 03 was 129% in Area A, 1,164% for Area B
and 242% for Area C. Interior entry loadings for Areas A and B dropped considerably
between Phase 05 and Phase 09, one year later (50% and 68%, respectively) but increased
for Area C (118%). Thus, it appears that the exterior abatements (soil and dust) that
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Figure 4-11. Exterior dust lead loading at targeted locations by area.

occurred in Area A and B may have had an impact on reducing annual increases in dust lead
that affected Area C.

Floor Dust. Floor dust lead loadings in the Phase 01 and 02 samples followed the same
general pattern as the interior entry samples with decreases from Phase 01 to 02 in Areas A
and B (63% and 81%, respectively) and 19% in Area C. Loadings in Phase 03 remained
less than in Phase 02 in Areas A and C but rebounded somewhat in Areas B (net reduction of
48% from Phase 01 to 02). Samples collected in Phase OS revealed loadings in Area A that
were 31 % below those in Phase 012 while Areas B and C showed increases over the same
period of 151 % and 8%, respectively. Samples from the final sampling phase, Phase 09
(June-July 1991) showed a similar but stronger pattern for interior entry dust loadings with
the geometric mean in Area A being 40% less than that in Phase 01 (two years earlier) while
those in Areas B and C were 142% and 390% higher, respectively. Exterior lead abatement
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TABLE 4-31. EXTERIOR DUST LEAD LOADING
(mg Pb/m2)

Phase/Location

Street!
01
02
03
05

Streets,
(Sidewalks)

01
02
03
05

Alleys
01
02
03
05

Sidewalks
(Alley.)

01
02
03
05

0 M

152
193
131
281

241
321
219
459

1.002
432
164
397

263
254
104
527

Are* A

(n)

(44)
(82)
(42)
(44)

(44)
(83)
(43)
(44)

(12)
(19)
(12)
(ID

(10)
(14)
(10)
(9)

(LCL-UCL)

(106-219)
(144-259)
(89-192)
(193-411)

(160-383)
(238-453)
(144-333)
(331-637)

(515-1,950)
(25 1-745)
(80-334)

(127-1.239)

(135-515)
(116-556)
(53-206)

(208-1,331)

O M .

390
269
214
276

567
693
290
447

1.202
521
309
538

506
359
330
370

Are* B

(n)

(75)
(96)
(71)
(74)

(73)
(96)
(72)
(74)

(25)
(29)
(25)
(24)

(19)
(21)
(18)
(18)

(LCL UCL)

(301 -505)
(212-341)
(166-275)
(215-355)

(440-731)
(551-860)
(208-405)
(320-624)

(745- 1.940)
(279-973)
(185-518)
(346-837)

(273-935)
(177-727)
(161-676)

(134-1,014)

O M

213
113
91
142

251
205
130
155

778
1.442
I.8S5
591

134
215
100
243

Are* C

(n)

(47)
(45)
(47)
(49)

(48)
(48)
(48)
(47)

a>
(2)
(2)
(2)

(1)
(1)
(1)
(1)

(LCL-Uri.)

(138-329)
(70-181)
(66-125)
(96-209)

(156-403)
(124-337)
(91-186)
(101-237)

(608-995)
(510-4.074)
(878-4,047)
(218-1,605)

Q M. " geometric m*in; LCL *• lower confidence level of geometric meen; UCL
in Are* A between Ptuew 01 and 02.

: upper confidence level of geometric mean; n = number of samples. Soil and exterior duit abatement occurred



TABLE 4-32. EXTERIOR DUST LOADINGS
(g/m2)

Streets, Sidewalks
and Alleys

Parking Lots and
Partially Paved
Parcels

Residence-Targeted

Phase

01
02
03
05
01
02
03
05
01
02
03
05

Area

(n)

(110)
(198)
(108)
(108)
(79)

(122)
(78)
(78)
(33)
(39)
(30)
(26)

A

G.M.

127
122
138
178
494
242
719
336
97
61
169
143

Area

(n)
(192)
(242)
(191)
(190)
(30)
(19)
(28)
(30)
(74)
(22)
(79)
(68)

B

G.M.

241
250
153
187
376
230
268
175
133
59
128
186

Area

(n)
(98)
(98)
(99)
(99)
(31)
n.a.
(3D
(31)
(56)
n.a.
(51)
(62)

C

G.M.

278
200
178
188
287
n.a.
165
301
194
n.a.
155
156

(soil and dust) occurred in Area B in the 2-mo period after Phase 05. Although the
immediate effect of interior abatement was higher in Area B than in Area A (where both
interior and exterior abatement occurred), the decrease persisted in Area A in Phase 03
(4 mo post-abatement) while there was an apparent rebound in Area B. A net decrease from
Phase 01 in floor loading was even evident in Area A in the Phase 05 samples (10 mo post-
abatement) while a major increase occurred in Area B and a slight one in Area C. The
loadings in all post-abatement sampling phases in Area A were lower than the pre-abatement
level. Non-abatement-related factors) apparently have major impacts on floor lead loading
levels as indicated by the increases (in the Phase 05 to 09 levels in Area B).

Window Dust. Window dust loadings decreased between Phases 01 and 02 in Areas A
and B by 56% and 78%, respectively, while in Area C a decrease of 26% was observed. In
Phase 03 further reductions (from Phase 02) in Areas A and B of 37% and 19%, respectively
occurred. In Area C, where no abatement occurred an 87% reduction was observed. For
samples collected in Phase 05, very large increases occurred in all areas with loadings being
6.4, 6.4 and 4.6 times those in Phase 01 for Area A, B and C, respectively. Since these
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TABLE 4-33. INTERIOR ENTRY DUST LEAD:
CONCENTRATIONS AND LOADINGS

(Rehabilitated Housing - Initial Recruitment Only)
Geometric Mean Values

Phase

[Entry]

01

Area

Concentration
340 (31)*
(242-478)

A

Loading
387 (32)*

(121-1,234)**

INTERIOR DUST

02

03

05

06

07

09

709 (32)
(537-934)

467 (31)
(371-589)

448 (25)
(283-710)
437 (25)

(313-610)

349 (23)
(266-459)
492 (18)

(317-762)

230 (32)
(88-599)

192 (31)
(95.2-387)

439 (26)
(169-1,137)

230 (25)
(100-520)

60(23)
(30-100)

219 (18)
(77.2-618)

Area

Concentration

559 (64)
(437-714)

ABATEMENT IN

651 (61)
(542-783)

584(60)
(460-743)

635 (45)
(488-825)

694 (37)
(524-921)

614 (40)
(475-794)

507 (32)
(409-628)

B

Loading

245 (65)
(130-464)

AREAS A&B

56 (63)
(38-83)
105 (60)

(71-156)

1,302(45)
(698-2,433)

180 (37)
(90-330)

130 (40)
(80-210)
301 (32)
(164-554)

Area

Concentration
261 (41)

(184-368)

362 (37)
(261 -503)

304 (36)
(243-380)

346 (32)
(267-448)

322 (22)
(257-404)

310 (26)
(225-426)

365 (22)
(293-454)

C

Loading

150 (42)

(71-313)

105 (38)
(61-179)

82 (36)
(60-111)

259 (33)
(115-580)

110(22)
(50-220)

70 (26)
(40-130)

441 (22)

(174-1,116)



TABLE 4-33 (cont'd). INTERIOR ENTRY DUST LEAD:
CONCENTRATIONS AND LOADINGS

(Rehabilitated Housing - Initial Recruitment Only)
Geometric Mean Values

Area A

Phase Concentration
[Floor]' 380 (32)

01 (241-497)
INTERIOR

02 383 (31)
(312-470)

03 363 (31)
(289-456)

05 432 (26)
(312-599)

06 383 (25)
(305-481)

Loading
188 (32)

(95-370)
DUST

76 (32)
(40-145)

64.3 (31)
(42.7-96.9)

122 (26)
(56-261)
70 (25)

(40-120)

Area

Concentration

450 (66)
(356-568)

ABATEMENT IN

467 (63)
(355-614)

412 (60)
(358-476)

484(46)
(380-617)
379 (37)

(296-487)

B

Loading

138 (66)

(83-230)
AREAS A&B

26 (63)
(18-37)

53(60)
(41 -69)

242 (46)
(165-353)

50(37)
(30-90)

Area

Concentration

226 (42)
(172-296)

254 (38)
(206-314)

213 (35)
(181-250)

172 (32)
(125-235)
228 (22)

(179-290)

C

Loading

46 (42)

(30-72)

34 (38)
(23.0-51)

32 (36)

(22-45)

43 (32)

(25-71)

30 (22)

(20-50)



TABLE 4-33 (cont'd). INTERIOR ENTRY DUST LEAD:
CONCENTRATIONS AND LOADINGS

(Rehabilitated Housing - Initial Recruitment Only)
Geometric Mean Values

Area

Phase Concentration

[Windows]' 1,418 (32)
01 (998-2,014)

A

Loading

1,047 (32)

(420-2,613)
INTERIOR DUST

02 1,282 (29)
(888-1,851)

03 1,014(29)
(812-1,266)

05 1,957(26)
(1,259-3,043)

06 795 (25)
(1,242-2,594)

541 (32)
(237-1,238)

263 (29)
(166-417)

6,084 (26)
(2,239-16,529)

5,330 (25)
(2,430-11,670)

Area

Concentration

(1

2,254 (63)
,692-3,003)

ABATEMENT IN

(1

(1

(1

(1

1,874(57)
,350-2,601)

1,302(60)
,046-1,620)

1,908(46)
,523-2,391)

2,445 (37)
,771-3,375)

B

Loading

2,980 (63)
(1,584-5,607)
AREAS A&B

592 (63)
(322-1,085)

351 (60)
(231-533)

11,714(46)
(6,746-20,340)

9,790 (37)
(5,860-16,360)

Area

Concentration

1,129(42)
(799-1,596)

919 (38)
(629-1,341)

543 (35)
(370-798)

1,220(33)
(894-1,664)

1,438(22)
(1,034-1,999)

C

Loading

1,853(42)

(927-3,699)

1,238(39)
(506-3,029)

205 (36)
(112-373)

6,724 (33)
(2,896-15,617)

7,830 (22)

(4,640-13,210)

= number of samples; ** lower confidence limit - upper confidence limit of geometric mean; G.M. = geometric mean; n.a. = not available at this
time; * = Phase 07 collected but not analyzed, Phase 09 not collected.
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Figure 4-12. Interior dust lead concentrations at the entry way.

1400
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Figure 4-13. Interior dust lead loading at entryway by area. Abatement occurred in
Areas A and B between Phase 1 and Phase 2.
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Figure 4-14. Interior dust lead concentration on the floor.
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Figure 4-15. Interior dust lead loading floor by area. Abatement occurred in Areas A
and B between Phase 1 and Phase 2.
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increases occurred in all areas they are not associated with abatement and are evidently due
to annual variation or yet unidentified other factor.

Door Mat Dust. A total of four door mats were placed inside the entry of the subjects'
homes during the study. Doormats were placed in the homes during the abatement periods,
1989 and 1990, to detect any build-up of lead that might result from abatement. Other
doormats were placed in the homes after these abatement periods and left until the
preabatement sampling period the next year. A summary of doormats placed in the homes,
when they were removed, which mat was sampled during a particular sampling phase and
approximately how long the sampled mat had been in the home are summarized in
Appendix K.

Reduced Data Set. In order to examine changes between phases for the same set of
housing, a reduced set of the data was analyzed. For a given pair of sampling phases, say
01 and 02, only the data from housing sampled in both phases was used. Interior entry dust
lead values (concentrations and loadings) are presented in Table 4-34 (and Figures 4-16 to
4-19), interior floor dust in Table 4-35 and Figures 4-20 and 4-21 (Area A) and Figures 4-22
and 4-23 (all areas) and interior window dust in Table 4-36. Patterns of change are similar
to those noted in the total data set but some differences are evident. Interior dust loading
decreases were still observed in Area A and B between Phases 01 and 02 and between 01
and 03. For a comparison of Phases 01 and 05 samples and 01 and 09 samples,loadings
were slightly lower in the later phase samples for Area A but were much higher for Areas B
and C. This pattern of changes may be due to overall annual increases which are meliorated
by the simultaneous interior and exterior abatement activities in Area A.

Interior floor lead loading reductions coinciding with abatement were evident in Area A
and appeared to persist through Phase 05, some 10 mo post abatement (Table 4-35).
A decline in Area B was only evident through Phase 03, 3 mo post-abatement; and in Area C
little change in loadings were observed.

Window dust lead loadings followed the same pattern as for the whole data set with
large increases between Phases 01 and 05 in all areas and a large reduction in Area C
between Phase 01 and 03.

4-54



TABLE 4-34. INTERIOR ENTRY DUST LEAD (PAIRED DATA)
(Rehabilitated Housing - Initial Recruits)

Geometric Mean Values (ppm)

Area

Phase Concentration

01 323 (27)*
(221-472)

02 757 (27)
(552-1,038)

01 316 (26)
(218-459)

03 475 (26)
(363-621)

01 310 (22)
(200-481)

05 441 (22)
(264-734)

01 351 (15)
(244-506)

09 591 (15)
(371-942)

A

Loading

462 (28)**
(125-1,708)***

279 (28)
(98-794)

445(27)
(116-1,697)

216 (27)
(100-465)

478 (23)
(109-2,097)

462 (23)
(172-1,238)

209 (15)
(38-1,154)

260 (15)
(92-734)

Area

Concentration

547 (58)
(421-711)

614 (58)
(517-729)

511 (57)
(400-654)
574 (57)

(446-737)

441 (22)
(350-557)

610 (42)
(467-797)

430 (29)
(321-577)

515 (29)
(411-645)

B

Loading
242 (61)

(125-470)

54 (61)
(37-79)

175 (58)
(102-299)

101 (58)
(69-149)
164 (42)

(86-311)

1,413 (42)
(734-2,719)

186(29)
(83-419)

319 (29)
(164-620)

Area

Concentration

278 (35)
(192-403)

360 (35)
(255-508)

231 (34)
(168-318)
295 (34)

(234-371)

236 (28)
(161-346)

337 (28)
(259-440)

215 (17)
(122-378)

324 (17)
(255-410)

C

Loading

137(37)
(66-283)

108 (37)
(62-187)

112(35)
(57-218)

80 (35)
(59-110)
127 (30)

(62-259)

206 (30)
(97-439)

119 (18)
(52-272)

367 (18)
(139-967)

Concentration - geometric mean lead concentration ppm; loading = geometric mean jead loading pg Pb/sq.m.; = for each pair of phases compared, only
data from households represented in both phases was used; = number of samples; = upper and lower confidence limits of geometric mean. Interior
dust abatement occurred in Areas A and B between Phases 01 and 02.



Area A AreaB AreaC
Figure 4-16. Comparison of interior entryway dust lead concentrations between

Phases 1 and 2. Dust abatement occurred between Phases 1 and 2 in
Areas A and B.

Changes in geometric mean interior dust lead loading changes are summarized in
Table 4-37. Changes are also expressed adjusting for the changes observed in the control
area (C) (Table 4-38).

Interior dust loadings (mg dust/or), Tables 4-39 and 4-40, show similar patterns for
dust lead loadings. About 10 mo after abatement, floor dust loadings in Area A were still
43 % below preabatement levels while in Area B they were 65 % higher than preabatement
levels.

4.7.1 Net Change in Lead Loading
Entry Dust
For the entry dust loading (Table 4-34) there is a significant reduction between

Phases 01 and 02 (before and after abatement) in both Areas A and B (where abatement
occurred) and an insignificant decrease in control Area C where no abatement occurred.
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Figure 4-17. Comparison of interior entryway dust lead loading between Phases 1
and 2. Dust abatement occurred between Phases 1 and 2 in Areas A
andB.

Comparing Phases 01 and 03 (before abatement and about 3 mo post-abatement) loadings are
about 50% lower in Phase 3 than in Phase 1 for Areas A and 8 but the confidence intervals
overlap. Comparing Phases 01 and OS, Area A showed no differences but Phase 05 levels
were almost as high in Area B and more than 2X as high in Area C. Evidently conditions
across study areas, independent of abatement, occurred to increase dust lead loadings.
Either these conditions did not reach Area A (doubtful since it is adjacent to part of Area B
and within one-half mile of other areas) or the exterior abatement that occurred along with
interior abatement in Area A reduced its impacts.

Comparing entry dust loading results for Phase 09 with those for Phase 01 revealed
loadings about 10% higher in Area A, over twice as high in Area B and 3.5 times as high in
Area C.

Floor dust loadings (Table 4-35) decreased between phases 01 and 02 for both Area A
and B by about 60% and 80%, respectively, but less than 5% in Area C where no interior
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Figure 4-18. Comparison of interior entryway dust lead concentrations between

Phases 1 and 5. Dust abatement occurred between Phases 1 and 2 in
Areas A and B.

abatement occurred. For Area A the reduction was about the same for Phase 01 to 03 but
for Area B it was less than 50%. When comparing Phase 05 results with those from
Phase 01, loadings were almost 40% lower in Area A, but had increased more than 2-fold in
Area B and by about 10% in Area C.

Window Loadings
Results for window lead loadings (Table 4-36) revealed that significant decreases from

Phase 01 to Phase 02 in Areas A and B indicating an apparent abatement effect. Comparing
Phases 01 and 03 revealed significant decreases in all areas. Comparing results from
Phase 01 and 05 revealed large increases (3-6-fold) in all areas. Evidently, events
independent of abatement had a major impact on window dust loadings. Geometric mean
window dust concentrations exhibited only relatively minor variations.
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Figure 4-19. Comparison of interior entryway dust lead loading between Phases 1 and
5. Dust abatement occurred between Phases 1 and 2 in Areas A and B.

Percent changes in window dust, entry and floor dust lead loadings between phases for
the matched sets of housing are shown in Table 4-37. If factors involved in changes
occurring in control Area C are assumed to be operative in Area A and B, then an
adjustment in changes in Areas A and B may be able to be made to estimate the "net
abatement effect". Results shown in parenthesis in Table 4-37 are one attempt at such
adjustment. If such adjustments are valid, an abatement impact may exist up through the end

of the study.

4.8 BLOOD LEAD
Blood lead concentrations for the initial recruits is shown for the three study areas and

for the five blood collection phases in Table 4-41. The geometric mean ranged from 8.02 to
10.45 in Phase 01 prior to abatement. For most of the study the geometric mean PbB was
lower in Area C (the control area) than in the two other areas. However, results from the
last blood collection revealed that concentrations in all three areas were almost identical.
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TABLE 4-35. INTERIOR FLOOR DUST LEAD (PAIRED DATA)
(Rehabilitated Housing - Initial Recruits)

Geometric Mean Values (ppm for Concentration and pgPb/m for Loading)

Phase*

01

02

01

03

01

05

Area
Concentration

375 (27)*
(275-512)

388 (27)
(307-491)

370 (27)
(285-479)

361 (27)
(278-469)

395 (22)
(289-539)
509 (22)

(377-689)

A

Loading

220 (28)**
(104-467)***

87 (28)
(43-176)

222 (27)

(105-469)

66(27)
(41-104)

246 (22)
(105-578)

154 (22)
(70-335)

Area
Concentration

446 (62)
(348-571)

463 (62)
(350-612)

416 (59)
(326-531)

417 (59)
(361-481)

361 (43)
(295-443)

446(43)
(384-642)

B

Loading

139 (62)
(81-238)

25 (62)
(17-36)

1 14 (59)
(71-185)

53 (59)
(41 -69)

122 (43)
(71-209)
248 (43)

(166-370)

Area C

Concentration

218 (37)
(162-294)

256 (37)
(206-317)

205 (34)
(154-274)

212 (34)
(179-250)

201 (29)
(145-279)

166 (29)
(117-234)

Loading

40 (37)
(25-63)

35 (37)
(23-52)

37 (35)
(24-58)

31 (35)

(22-45)

39 (29)

(24-61)

37 (29)

(22-62)

Concentration = geometric mean lead concentration ppm; loading = geometric mean Jead loading pg Pb/sq.m.; = for each pair of phases compared, only
data from households represented in both phases was used; = number of samples; = upper and lower confidence limits of geometric mean. Interior
dust abatement occurred in Areas A and B between Phases 01 and 02.
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Figure 4-20. Pre- and postabatement interior floor dust lead concentrations in Area A.

A comparison of blood lead levels between phases, using only data available from the
same children in both phases (Table 4-42) reveals the same patterns as for the larger data set
show in Table 4-41.

The geometric mean of the blood lead ratios between phases (Table 4-43) reveals that
geometric mean of the ratio of Phase 03 blood lead level to Phase 01 blood lead was lower
in Area C (where no abatement occurred) than in Area B (interior abatement). Thus, blood
lead levels dropped more in Area C. The geometric mean of the ratio in Area A was slightly
lower in Area A than in Area B.

The mean decrease in blood lead level between phases (Table 4-43) revealed that the
decrease in Area C was 0.69 pg/dL more than that in Areas A and B. Between Phases 01
and 09, blood lead levels decreased by 2.09 in Area B and 1.30 in Area C compared to an
increase in Area A. The difference between Areas A and B was statistically significant.
Since the subjects compared in Table 4-43 were active in the study in both phases
comparisons based on Table 4-43 should be given more weight than those from the data in
Table 4-41 which includes subjects in earlier phases who are not represented in later phases.
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Figure 4-23. Pre- and postabatement floor dust lead loading, all areas.

Age. The preabatement (Phase 01) blood lead levels of the children in the study was
highest for children between two and three years of age (Table 4-44 and Figure 4-24) and
tended to level off at about 8 /xg/dL at older ages. For children living in non-rehabilitated
housing, the peak, although higher by a geometric mean of 11 pg/dL, was also between
2 and 3 years of age. The ratio of blood lead levels of Phase 05 to Phase 01, and of
Phase 09 to 01, are shown in Table 4-45 and Figures 4-25 and 4-26. For children at least
one and less than three years old at Phase 01, geometric mean blood lead levels were less at
Phase 05 for all three study areas.

4.9 HAND LEAD
Hand lead values by study group and study phase are presented in Table 4-46. Prior to

any abatement activity (Phase 01) hand lead values were lower in Area C than in either
Areas A or B with only the difference between Areas A and C being statistically significant.
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TABLE 4-36. INTERIOR WINDOW DUST LEAD (PAIRED DATA)
(Rehabilitated Housing - Initial Recruits)

Geometric Mean Values (ppm)

Phase*

01

02

01

03

01

05

Area
Concentration

1,404(25)*
(942-2,093)

1,263(25)
(825-1,933)

1,301 (25)
(901-1,879)

1,076(25)
(849-1,363)

1,547(22)
(1,096-2,183)

2,242 (22)
(1,437-3,498)

A
Loading

1,360(28)**
(513-3,608)***

618 (28)
(249-1,535)

1,329 (25)
(481-3,668)

289 (25)
(177-471)

2,074 (22)
(709-6,065)

6,791 (22)
(2,197-20,990)

Area
Concentration

2,281 (53)
(1,649-3,155)

1,812(53)
(1,279-2,569)

2,165 (57)
(1,590-2,946)

1,284(57)
(1,021-1,615)

1,681 (42)
(1,184-2,388)

1,835 (42)
(1,478-2,277)

B

Loading

2,933 (59)
(1,506-5,714)

487 (59)
(270-877)

2,453 (57)
(1,274-4,724)

349 (57)
(226-541)

2,099 (42)
(939-4,689)

13,300 (42)
(7,661-23,087)

Area

Concent ranon

1,167(37)
(797-1,708)

917 (37)

(622-1,354)

1,038(34)
(719-1,499)

531 (34)
(359-787)

1,168(30)
(796-1,715)

1,261 (30)
(924-1,722)

C

Loading

1,910(38)

(910-4,005)

1,338(38)
(541-3,309)

1,550(35)
(742-3,236)

202 (35)
(109-373)

2,082 (30)
(933-4,647)

7,491 (30)

(3,222-17,420)

Concentration = geometric mean lead concentration ppm; loading = geometric mean lead loading /tg Pb/sq.m.; = for each pair of phases compared, only
data from households represented b both phases was used; = number of samples; = upper and lower confidence limits of geometric mean. Interior
dust abatement occurred in Areas A and B between Phases 01 and 02.



TABLE 4-37. PERCENT REDUCTION BETWEEN PHASES IN GEOMETRIC MEAN
INTERIOR DUST LEAD LOADINGS (PAIRED DATA)

Phases

01

01

01

01

-02

-03

-05

-09

Entry

-40
(-18)*
-51

(-23)
-3

(-66)

+24
(-184)

Area A
Floor

-61
(-47)

-70
(-54)
-38

(-32)
(no

samples)

Window

-55
(-25)
-78

(+9)
+227
(-32)
(no

samples)

Entry

-78
(-56)

-42
(-14)

+763
(+701)

+71
(-136)

Area B
Floor

-82
(-68)

-54
(-38)
+ 104

(+109)
(no

samples)

Window

-83
(-53)

-86
(+1)
+534

(+274)

(no
samples)

Entry

-22
(0)

-28
(0)
+62
(0)

+208
(0)

Area C

Floor

-14
(0)

-16
(0)

-5
(0)
(no

samples)

Window

-30
(0)
-87
(0)

+260
(0)
(no

samples)

Only data available from the same housing in both sampling phases pairs are compared.
Percentages in parentheses represent changes relative to Area C where no abatement occurred (change in Area C thus becomes zero).
Interior dust abatement occurred in Areas A and B between Phases 01 and 02.



TABLE 4-38. CHANGES IN INTERIOR DUST LEAD LOADINGS BETWEEN
SAMPLE COLLECTION TIMES

Interior Entry Area

Area A Area B Area C

Phase 01 (Pre/Post Interior/Exterior
Abatement)

49% Reduction

(Pre/Post Interior Abatement)

73% Reduction

No Abatement

12% Reduction

Phase 01 Pre-Abatement to 3 mo Post
Abatement (Interior/Exterior)

Pre-Abatement to 3 mo Post
Interior Abatement

No Abatement
(June and November

Approximate Sampling Times)

53% Reduction 45% Reduction 18% Reduction
o\
ON Phase 01 6% Reduction 687% Reduction 126% Reduction

Phase 01 21% Reduction
(231%)

112% Reduction
(140%)

252% Reduction
(0)

Only data available at both sampling in same housing units, times was used.
"P < 0.05.



TABLE 4-39. INTERIOR DUST LOADINGS (mg dust/m2)

Entry

Floor

Phase

01
02
03
05
09
01
02
03
05

Area

G.M.

1,240
340
410

1,130
444

490
200
180
280

A

(n)
(32)
(33)
(31)
(25)
(18)
(32)
(32)
(31)
(26)

Area

G.M.

440
90

180
2,050

595

310
60

130
510

B

(n)

(64)
(64)
(60)
(42)
(32)

(66)
(66)
(60)
(45)

Area
G.M.

610
380
270
840

1,208

200
160
160
250

C

(n)

(41)
(39)
(36)
(32)
(22)
(42)
(40)
(35)
(33)

TABLE 4-40. INTERIOR DUST LOADINGS (mg dust/m^

Window

Mat

Phas

01
02
03
05
01
02
03
05

Area
G.M.

740
550
260

3,110
100
550
580
570

A

(n)
(32)
(30)
(29)
(26)
(3D
(33)
(28)
(25)

Area
G.M.

1,340
470
270

6,410
100
300
530

1,320

B

(n)
(64)
(60)
(60)
(45)
(60)
(64)
(57)
(39)

Area
G.M.

1,640
1,470

420
5,510

90
210
380
360

C

(n)
(42)
(39)
(35)
(33)
(40)
(40)
(36)
(32)

Immediately post-abatement in Area A (interior and exterior abatement) and in Area B
(interior abatement) the difference in hand lead between areas was no longer statistically
significant. At about 3 mo post-abatement (Phase 03) hand lead values in Area C were
significantly lower than those in either Areas A or B. No further statistically significant
differences in hand lead occurred for the balance of the study.

Over the course of the two year study, hand leads changed from being lower in Area C
to being similar in all three areas. The abatements implemented in Areas A and B may have
had a role in "equalizing" the lead exposures among the three study areas. In Table 4-47
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TABLE 4-41. BLOOD LEAD CONCENTRATIONS BY PHASE AND STUDY AREA
</»G Pb/dL)

(Initial Recruits, Rehabilitated Housing)

Phase/I Abatement]

01 (June-July 1989)

Aug. -Sept. 1989

03 (Nov.-Dec

OS (June-July

. 1989)

1990)

G.M.

8.89

Interior &

7.01

8.88

Area A

(LCL-UCL)

(7.62-10.36)

Exterior Dust and
Abatement

(5.94-8.26)

(7.61-10.37)

(n)

(54)

Soil

(52)

(46)

Aug.-Sept. 1990

07 (Nov.-Dec

09 (June-July

. 1990)

1991)

8.24

8.84

(7.01 -9.68)

(7.40-10.38)

(37)

(31)

G.M.

10.60

Area B

(LCL-UCL)

(9.48-11.85)

Area C

(n)

(85)

G.M.

7.%

(LCL-UCL)

(6 92-9.15)

(n)

(61)

Interior Dust Abatement

9.15

8.69

Exterior

7.53

8.99

(8.24-10.17)

(7.60-9.94)

(79)

(67)

5.77

6.97

(5

(5

.00-6.66)

.86-8.30)

(52)

(49)

Dust and Soil Abatement

(6.64-8.53)

(8.03-10.07)

(61)

(53)

7.34

8.03

(6

(6

.38-8.44)

.95-9.26)

(40)

(33)

G.M. = geometric mean; LCL = lower confidence limit of geometric mean; UCL = upper confidence limit of geometric mean; n = number of samples.



TABLE 4-42. BLOOD LEAD BY AREA AND PHASE (PAIRED DATA)
0<G Pb/dL)

(Initial Recruits, Rehabilitated Housing)

Phi io

01
03

01
05

01
07

01
09

03
07

OS
09

O.M.

8.92
7.41

S.36
9.16

S.ll
9.13

136
1.94

7.16
1.99

S.I8
9.10

ATM A

(«)

(50)
(SO)

(43)
(43)

(32)
(32)

(IT)
(27)

(33)
(33)

(2«)
<2«)

(LCL-UCL)

(7.57-10.49)
(6.37-8.62)

(7.06-9.90)
(7.80-10.76)

(6.74-9.91)
(7->l -10.68)

(6.71-10.17)
(7.47-10.69)

(5.83-8.80)
(7.70-10.49)

(7 13-11.07)
(7.66-10.82)

a.M.

10.94
9.40

10.79
9.27

10.41
8.29

10.57
8.90

8.77
8.28

8.08
8.83

Ara«B

(n)

(77)
(77)

(61)
(61)

(54)
(54)

(48)
(48)

(56)
(56)

(50)
(50)

(LCL-UCL)

(9.79-12.23)
(8.50-1040)

(9.61-12.11)
(8.21-10.46)

(9.24-11.74)
(7.47-9.20)

(9.35-11.96)
(804-9.86)

C7.75-9.91)
(7.48-9.17)

(6.91 -9.46)
(795-9.82)

O.M.

8.41
5.97

8.49
7.29

8.47
741

9.23
8.24

6.33
7.36

7.09
8.04

Are* C

(n)

(47)
(47)

(41)
(41)

(33)
(33)

(26)
(26)

(36)
(36)

(29)
(29)

(LCLUCL)

(7.28-9.70)
(5.11-6.97)

(7.25-9.95)
(6.08-8.75)

(704-10.19)
(6.38-8.60)

(7.59-11.24)
(7.27-9.33)

(5.37-746)
(6.35-8.53)

(5.57-9.03)
(6.97-927)

O.M. - geometric mMn; LCL - lower confidence level of geometric me*n; UCL =* upper confidence level of geometric me*n; n =•= number of umplei.

Interior duM tbitement occurred between Phaaea 01 and 03 in Areaa A and B. Soil and exterior dun abatement occurred between Pheiea 01 and 01 in Area A and between Phaies 05 and 07 i
Area B.



TABLE 4-43.
(a) RATIO OF BLOOD LEAD LEVELS FROM PHASE TO PHASE

(Initial Recruits, Rehabilitated Housing)

Phases

3 to 1
5 to 1
7 to 1
9 to 1

G.M.

0.83
1.10
1.12
1.08

Area A

(n)

(50)
(43)
(32)
(27)

(LCL-UCL)

(0.74-0.94)
(0.91-1.31)
(0.91-1.37)
(0.84-1.39)

G.M.

0.86
0.86
0.80
0.84

Area B

(n)

(77)
(61)
(53)
(48)

(LCL-UCL)

(0.80-092)
(0.75-0.97)
(0.71-0.90)
(0.74-0.%)

G.M.

0.71
0.86
0.87
0.88

Area C

(n)

(47)
(41)
(33)
(26)

(LCL-UCL)

(0.62-0.81)
(0.71-1.04)
(0.73-1.05)
(0.74-1.06)

(b) DIFFERENCES IN BLOOD LEAD LEVELS BETWEEN PHASES
^ Hg Pb/dL
^ (Initial Recruits, Rehabilitated Housing)o

Phaaea

3 to 1
5 to 1
7 to 1
9to 1

Mean

-1.86
0.87
0.76
0.64

AIM A

(n)

(50)
(43)
(32)
(27)

(LCL-UCL)

(-3.07 to -0.65)
(-0.80 to 2.54)
(-1.1610 2.67)
(-1.16 to 3. 14)

Mean

-1.S6
-1.51
-2.46
-2.04

AreaB

(n)

(77)
(61)
(53)
(48)

(LCL-UCL)

(-2.61 to -1.11)
(-2. SI to 4.22)
(-3.76 to -1.17)
(-3.35 to -0.73)

Mean

-2.55
-0.96
-1.50
-1.72

AreaC

(n)

(47)
(41)
(33)
(26)

(LCL-UCL)

(3 61 to 1.44)
(-2. 47 to 0.54)
(•2.93 to X) 07)
(-3 .53 to 0.09)

O M. - geometric mean; LCL - lower confidence level of geometric mean; UCL = upper confidence level of geometric mean; n - number of aamplea.

Interior duat abatement occurred between Phaaea 01 and 03 in Anaa A and B. Soil and exterior dual abatement occurred between Phaaea 01 and 01 in Area A and between Phase* 05 and 07 in
i B.



TABLE 4-44. SUMMARY OF BLOOD LEAD BY AGE AND HOUSE TYPE
PHASE 01'

Age Range, Years

Less than 1
1 to <2
2 to <3
3 to <4
4 to <5
5 to <6
Less than 1
1 to <2
2 to <3
3 to <4
4 to <5
5 to <6

House Type

Rehabilitated
Rehabilitated
Rehabilitated
Rehabilitated
Rehabilitated
Rehabilitated

Other
Other
Other
Other
Other
Other

G.M.

5.83
10.30
12.54
10.51
9.98

12.67

7.20
11.61
21.45
17.61
18.64

Blood Lead

(n)
(34)
(38)
(29)
(37)
(28)
(8)

(4)
(2)
0)
(3)
(3)
(0)

(LCLUCL)

(4.87-6.99)
(8.71 -12.18)
(11.03-14.26)
(9.11-12.12)
(8.38-11.89)
(8.80-18.25)

(5.88-8.83)
(4.87-27.72)

(10.00-31.00)
(12.78-27.17)

"Table represent! blood lead at Phase 01 for children for whom Phase 03 blood lead data is also available.
hAge at Phase 01 recruitment.
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Non-rehabilitated

<1 1 to < 2 2 to < 3 3 to < 4
Child Age (years)

Figure 4-24. Effect of child age and house type on blood lead.

4to<5 5to<6

and Figures 4-27 and 4-28 a reduced set of data is used to compare band lead values between
pairs of phases using only data that are available for children active in both phases. In this
paired phase analysis, the geometric mean hand lead for Area C remained significantly lower
than that for both Areas A and B through Phase 05; for Phase 06 it was lower than that of
Area A, for Phase 07 it was lower than that for Area B and for Phase 09 it was lower than
the geometric mean for both Areas A and B. Thus the overall conclusion is the same as that
previously stated for the more complete data set: hand lead values were initially lower in
Area C than for the other study areas but at the end of the study they were not statistically
significant than geometric mean values in the other areas.

Hand lead comparison by study group between specific pairs of phases (e.g., 1 and 2),
for children active in the study for both phases, are shown in Table 4-47 and Figures 4-27
and 4-28. Only Area A showed a decline in mean hand lead between Phases 01 and 02
(Figure 4-28); all areas showed decline between Phase 01 and 03.

4-72



•ft
OJ

TABLE 4-45. RATIO OF BLOOD LEAD LEVELS FROM PHASE TO
PHASE BY AGE AND AREA

(Initial Recruits, Rehabilitated Housing)

Phase*/Ageh

5 to I/less than 1
1 to <2
2 to <3
3 to <4
4 to <5
5 to <6

9 to I/leas than 1
1 to <2
2 to <3
3 to <4
4 to <5
5 to <6

G.M. (n)

2.40 (9)
0.69 (8)
0.84 (9)
0.99 (8)
1.08 (9)

0

2.32 (6)
0.91 (5)
1.19 (6)
0.76 (6)
1.01 (4)

0

Area A

(LCL-UCL)

(1.74-3.32)
(0.43-1.12)
(0.65-1.07)
(0.90-1.10)
(0.86-1.34)

(1.32-4.05)
(0.49-1.70)
(0.62-1.22)
(0.62-0.94)
(0.59-1.71)

G.M. (n)

1.29 (11)
0.90 (15)
0.85 (6)
0.80 (16)
0.76 (8)
0.47 (5)

1.44 (8)
0.81 (11)
1.17 (4)
0.71 (14)
0.81 (7)
0.58 (4)

Area B

(LCL-UCL)

(0.95-1.75)
(0.69-1.17)
(0.64-1.13)
(0.70-0.91)
(0.62-0.95)
(0.29-0.77)

(1.12-1.85)
(0.58-1.13)
(0.67-1.22)
(0.62-0.81)
(0.64-1.02)
(0.41 -0.82)

G.M. (n)

1.40 (8)
0.84 (9)
0.83 (8)
0.66 (8)
0.79 (5)
0.64 (3)

1.41 (5)
0.72 (5)
1-12 (5)
0.79 (5)
0.61 (4)
0.70 (2)

Area C

(LCL-UCL)

(0.63-3.10)
(0.65-1.07)
(0.60-1.16)
(0.55-0.80)
(0.73-0.85)
(0.48-0.85)

(0.88-2.24)
(0.52-1.01)
(0.90-1.42)
(0.52-1.19)
(0.43-0.86)
(0.59-0.83)

'fhaaeOl (June-July 1989)*, Rut*02 (June-July 1990)**, Fhaw03 (June-July 1991)*".
Age at time of initial recruitment in RIM* 01.

•

^re-abatement.
(|}0 mo poet-abatement in Area A (toil, exterior dun, interior dun) and Area B Cinterior dun)

22 mo pon-abatement in Are* A (toil, exterior duM, interior dun) and Area B Cinterior dun); and 10 mo poat-exterior dun and toil abatement in Are* B.

O M. - geometric mean; LCL - lower confidence level of geometric mean; UCL •* upper confidence level of geometric mean; n - number of aamplea.
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Figure 4-25. Impact of abatement on children living in rehabilitated housing, Phase 5
versus Phase 1.

<1 1to<2 2to<3 3to<4 4to<5 5to<6
Child Age (years)

Figure 4-26. Impact of abatement on children living in rehabilitated housing, Phase 9
versus Phase 1.
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TABLE 4-46. HAND LEAD
Hg Lead, Both Hands

Recruits, Rehabilitated Housing)

Phase/I Abatement]

01 (June-July 1989)

Aug.-Sept. 1989

02 (Aug.-Sept. 1989)

03 (Nov.-Dec. 1989)

05 (June-July 1990)

Aug.-Sept. 1990
•î

^ 06 (Aug.-Sept. 1990)

07 (Nov.-Dec. 1990)

09 (June-Sept. 1991)

G.M.

6.71

Area A

(LCL-UCL)

(5.42-8.27)

(n)

(49)

INTERIOR A EXTERIOR DUST AND
SOIL ABATEMENT

4.96

4.79

11.40

(3.69-6.57)

(3.64-6.21)

(8.32-15.49)

(49)

(35)

(37)

G.M.

7.93

Area B

(LCL-UCL)

(6.25-10.00)

(n)

(80)

G.M.

3.29

Area C

(LCL-UCL)

(2.40-4.42)

(n)

(54)

INTERIOR DUST ABATEMENT

6.90

4.99

8.92

(5.51-8.59)

(3.94-6.26)

(6.59-11.98)

EXTERIOR DUST &
ABATEMENT

11.78

5.63

12.01

(8.74-15.77)

(3.29-9.26)

(7.85-18.12)

(30)

(28)

(28)

7.93

7.29

17.16

(5.81-10.70)

(5.23-10.04)

(12.79-22.91)

(74)

(62)

(59)

SOIL

(44)

(54)

(48)

2.86

1.99

4.46

6.61

4.28

11.01

(2.11-3.78)

(1.34-2.81)

(3.10-6.27)

(5.09-8.51)

(2.97-6.02)

(7.29-16.38)

(57)

(40)

(44)

(34)

(34)

(30)

Q M = geometric mean; LCL - lower confidence limit of geometric mean; UCL • upper confidence limit of geometric mean; n » number of lamplea.
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TABLE 4-47. COMPARISON OF HAND LEAD VALUES BETWEEN PAIRS OF PHASES
Hg Lead, Both Hands

(Initial Recruits, Rehabilitated Housing)

Area A

Phases G.M.

1 6.52
2 4.77

1 6.98
3 4.80

1 7.28
5 11.70

1 6.98
6 11.90

1 6.34
7 6.93

1 7.51
9' 13.15

(LCHJCL)

(5.23-8.08)
(3.53-6.35)

(5.29-9.21)
(3.56-6.37)

(5.45-9.63)
(8.26-16.41)

(5.04-9.54)
(8.76-16.06)

(4.47-8.85)
(4.14-11.24)

(5.16-10.76)
(8.12-20.96)

(n)

(44)
(44)

(32)
(32)

(31)
(31)

(28)
(28)

(23)
(23)

(22)
(22)

G.M.

7.94
6.82

7.17
5.20

7.93
11.41

7.29
8.30

9.46
8.74

8.33
19.47

Area B

(LCHJCL)

(6.17-10.14)
(5.41-8.54)

(5.56-9.18)
(4.11-6.54)

(5.86-10.62)
(8.86-14.61)

(5.15-10.17)
(5.94-11.46)

(6.87-12.90)
(6.13-12.30)

(5.75-11.91)
(13.89-27.15)

(n)

(71)
(71)

(58)
(58)

(51)
(51)

(39)
(39)

(42)
(42)

(36)
(36)

G.M.

3.20
2.76

3.49
2.02

3.34
5.04

3.80
6.47

3.90
4.24

4.53
10.41

Area C

(LCL-UCL)

(2.31-4.32)
(J.98-3.74)

(2.35-5.03)
(1.32-2.94)

(2.19-4.91)
(3.36-7.36)

(2.39-5.79)
(4.83-8.58)

(2.37-6.11)
(2.83-6.19)

(2.79-7.09)
(6.59-16.17)

(n)

(51)
(51)

(32)
(32)

(36)
(36)

(27)
(27)

(28)
(28)

(25)
(25)

TJiing only data available for each phaae being compared.

O M = geometric mean; LCL » lower confidence limit of geometric mean; UCL = upper confidence limit of geometric mean; n = number of tamples

Interior dual abatement occurred between Phaaca 01 and 02 in Areai A and B. Soil and exterior duat abatement occurred between Phaaes 01 and 01 in Area A and between Phases 05 and 06 in
Area B.



Area A AreaB AreaC
Figure 4-27. Comparison of hand lead loading between Phase 1 and Phase 3.

Area A AreaB AreaC
Figure 4-28. Comparison of hand lead loading between Phase 1 and Phase 2.
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TABLE 4-48. INTERCORRELATIONS BETWEEN BLOOD LEAD AND HAND
LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Pearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 01)
(arithmetic)

PbB

PbH

Interior
Entry Dust
Loading

Interior
Entry Dust
Concn.

Interior
Floor Dust
Pb Loading

Interior
Floor Dust
Pb Concn.

Interior
Window
Dust Pb
Loading

Interior
Window
Dust
Concn.

Interior
Mat Lead
Loading

Interior
Mat Concn.

Exterior
Dust Max
Cone.

Overall

1.00

0.47
0.0001
202

0.27
0.0003
181

0.21
0.003
190

0.18
0.01
186

0.27
0.0002
188

0.21
0.004
180

Blood Lead

A B C

1.00 1.00 1.00

0.52 0.44 0.28
0.0001 0.0001 0.04
51 95 56

0.55 0.21 0.36
0.0002 0.05 0.01
40 91 50

0.45 0.37
0.002 0.006
44 57

0.55 0.34
0.0001 0.01
44 53

0.33 0.27
0.03 0.01
45 90

Overall

0.47
0.0001
202

1.00

0.41
0.0001
193

0.39
0.0001
186

0.45
0.0001
195

0.48
0.0001
195

0.35
0.0001
191

0.34
0.0001
193

0.35
0.0001
185

Hand

A

0.52
0.0001
51

1.00

0.62
0.0001
40

0.85
0.0001
44

0.93
0.0001
44

0.69
0.0001
45

0.73
0.0001
43

Lead

B C

0.44 0.28
0.0001 0.04
95 56

1.00 1.00

0.50
0.0001
95

0.57
0.0001
94

0.54
0.0001
96

0.31
0.002
96

0.26
0.01
92

0.34
0.001
93

0.31
0.003
89
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TABLE 4-48 (cont'd). INTERCORRELATIONS* BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Pearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 01)
(arithmetic)

Blood Lead

Age

Age-
Squared

Paint-
Interior
Trim (Max)

Paint-
Exterior
Trim

Overall A

0.34
0.0001
202

0.25
0.0003
202

B

0.44
0.0001
95

0.36
0.0004
95

0.29
0.01
70

0.26
0.03
70

C

0.41
0.002
56

0.30
0.03
56

Overall

0.34
0.0001
202

0.31
0.0001
202

Hand Lead

A

0.35
0.01
51

0.36
0.009
51

B

0.34
0.0006
95

0.29
0.004
95

C

0.38
0.003
56

0.33
0.01
56

Top number is correlation coefficient, middle is significance level and bottom is number of observations. Only
correlations with statistical significance £0.05 are shown.

Phase 01 is pre-abatement.

4.10 INTERCORRELATIONS
Intercorrelation between blood lead and hand lead and environmental dust, paint and

age variables are presented in Tables 4-48 to 4-51 for Phases 01, 03, 05 and 09,
respectively. Only correlations significant at p s 0.05 are shown. The number of
significant correlations decreased markedly after the abatements that occurred after Phase 01.
Table 4-52 contains all correlations for Phases 01-09, regardless of their statistical
significance, and using log transformed data. Correlations between blood lead and hand lead
are summarized in Table 4-53.

A comparison of preabatement intercorrelations among environmental and blood lead
data between the Cincinnati prospective study (Clark et al., 1991) and those of the soil
project (Table 4-54) revealed similar patterns except for paint lead (XRF, mg Pb/cm ), The
prospective study invalues a wide range of housing types from rehabilitated housing to
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TABLE 4-49. INTERCORRELATIONS BETWEEN BLOOD LEAD AND HAND
LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Pearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 03)
(arithmetic)

Blood Lead

Blood
Lead

Hand
Lead

Overall A

1.00 1.00

0.51
0.0001

B C

1.00 1.00

0.62
0.0001

Hand Lead

Overall A

0.51
0.0001
151

1.00 1.00

B

0.62
0.0001
75

1.00

C

1.00

151 75

Interior
Entry
Dust Pb
Loading

Interior
Entry Dust
Pb Concn.

Interior
Floor Pb
Dust
Loading

Interior
Floor Dust
Pb Concn.

Interior
Window
Dust Pb
Loading

Interior
Window
Dust Pb
Concn.

Interior Mat
Pb Loading

Interior Mat
Pb Concn.

Exterior
Dust Pb
Concn.
Max

0.33
0.05
35

-0.23
0.05
76

0.23
0.009
130
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TABLE 4-49 (cont'd). INTERCORRELATIONS BETWEEN BLOOD LEAD
AM) HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Pearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 01)
(arithmetric)

Paint Pb
Interior
Trim Max

Paint Pb
Interior
Wall Max

Paint Pb
Exterior
Trim

Paint Pb
Exterior
Walls

Age

Age-
Squared

Overall

0.22
0.01
133

0.28
0.0006
151

0.22
0.006
151

Blood Lead

A B C

0.37
0.003
62

0.31
0.01
62

0.31
0.02
59

0.38
0.0009
75

0.33
0.004
75

Overall

0.46
0.0001
134

0.22
0.01
135

0.37
0.0002
135

0.34
0.0002
119

0.32
0.0001
151

0.28
0.0005
151

Hand Lead

A B

0.61
0.0001
63

0.58
0.0001
63

0.57
0.0001
63

0.57
0.0001
60

0.38 0.28
0.02 0.01
35 75

0.35 0.24
0.04 0.03
35 75

C

0.55
0.0002
41

0.49
0.001
41

Top number is correlation coefficients, middle is significance level and bottom is number of observations.
Only correlations with statistical significant 0.05 are shown.

Phase 03 is about 3 mo after abatements in Area A (exterior and interior dust and soil) and in Area B (interior
dust only).

19th century dilapidated bousing while the soil project included primarily rehabilitated (lead
paint free) housing. As expected intercorrelation involving paint lead were not statistically
significant for the soil project while they were for the prospective study.

4-81



TABLE 4-50. INTERCORRELATIONS BETWEEN BLOOD LEAD AND HAND
LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Pearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 05)
(arithmetic)

Blood
Lead

Hand
Lead

Interior
Floor
Dust Pb
Loading

Interior
Floor
Dust Pb
Concn.

Interior
Entry
Dust Pb
Loading

Interior
Entry
Dust Pb
Concn.

Interior
Window
Dust Pb
Loading

Interior
Window
Dust Pb
Concn.

Exterior
Dust Pb
Concn.
Max

Age

Blood Lead

Overall A B C

1.00 1.00 1.00 1.00

0.34 0.51
0.0001 0.0001
149 68

0.17
0.04
147

0.19
0.02
146

0.16 0.31
0.05 0.04
145 143

Hand Lead

Overall A B C

0.34 0.51
0.0001 0.0001
149 68

1.00 1.00 1.00 1.00

0.28 0.32
0.02 0.04
68 42

0.17
0.04
145

0.27 0.33 0.25 0.44
0.0007 0.05 0.04 0.003
149 37 68 44
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TABLE 4-50. INTERCORRELATIONS BETWEEN BLOOD LEAD AND HAND
LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Pearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 05)
(arithmetic)

Blood
Lead

Hand
Lead

Interior
Floor
Dust Pb
Loading

Interior
Floor
Dust Pb
Concn.

Interior
Entry
Dust Pb
Loading

Interior
Entry
Dust Pb
Concn.

Interior
Window
Dust Pb
Loading

Interior
Window
Dust Pb
Concn.

Exterior
Dust Pb
Concn.
Max

Age

Blood Lead

Overall A B C

1.00 1.00 1.00 1.00

0.34 0.51
0.0001 0.0001
149 68

0.17
0.04
147

0.19
0.02
146

0.16 0.31
0.05 0.04
145 143

Hand Lead

Overall A B C

0.34 0.51
0.0001 0.0001
149 68

1.00 1.00 1.00 1.00

0.28 0.32
0.02 0.04
68 42

0.17
0.04
145

0.27 0.33 0.25 0.44
0.0007 0.05 0.04 0.003
149 37 68 44
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TABLE 4-50 (cont'd). INTERCORRELATIONS BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Fearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 05)
(arithmetic)

Age-
Squared

Interior
Mat Dust
Pb Loading

Interior
Mat Dust
Pb Concn.

Interior
Wall Paint
PbMax

Interior
Trim Paint
PbMax

Exterior
Paint Pb

Overall

0.18
0.03
145

0.41
0.0001
137

0.22
0.007
146

Blood Lead

A B

0.40
0.002
59

0.30
0.01
68

0.36
0.003
68

0.36
0.03
35

Hand Lead

C Overall A B C

0.28 0.38 0.45
0.0007 0.02 0.002
149 37 44

0.41 0.28 0.49
0.006 0.0008 0.0001
43 137 59

0.34
0.05
34

Top number is correlation coefficient, middle is significance level and bottom is number of observations. Only
correlations with statistical significance 0.05 are shown.

Phase 05 is about 10 mo past abatement in Area A (interior and exterior dust and soil) and in Area B (interior
dust only).

4.11 MODELING
4.11.1 Modeling the Difference of Phase 1 and Phase 5 Blood Lead for the

Initially Recruited Families Who Lived in the Rehabilitated
Housing Units

We evaluated the effectiveness of soil lead and dust abatement through analyzing the
data collected before and after initial abatement, e.g., Phase 1 and Phase 5. In Area "A",
exterior dust (lead concentration), interior dust (lead concentration) and soil lead were abated
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TABLE 4-51 (cont'd). INTERCORRELATIONS BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

(Pearson Correlations)
FOR OVERALL STUDY POPULATION AND BY AREA

(Phase 09)
(arithmetic)

Blood Lead Hand Lead

Overall

Interior 0.36
Trim Paint 0.0001
Pb Max 107

Exterior 0.36
Trim 0.0001
Paint Pb 107

Exterior
Window
Paint Pb

Age

Age-
Squared

A B C Overall A B C

0.50
0.0002
50

0.48
0.0005
50

0.53
0.0002
45

0.21 0.28
0.03 0.05
109 51

0.20
0.04
109

Top number if correction coefficients, middle ii significance level and bottom is number of observations. Only correlations with statistical
lignificanceO.OS are shown.
Phase 09 is about 22 mo post abatement in Are* A (interior and exterior dust and soil) and about 22 mo post interior dust abatement in
Area B and about 10 mo post exterior dust and soil abatement in Area B.

after Phase 1. In Area "B", interior dust was abated after Phase 1. In Area "C", no
abatement occurred during this time period.

Based on our data analysis, we found that the mean difference of blood lead between
Phase 1 and Phase 5 (DPbB) in Area "A" was greater than that in Area "C", e.g., DPbB in
Area "A" was 2.13 mg/dL more than in Area "C" (i.e., blood leads increased in Area A
relative to Area C). The mean difference of handwipe lead between Phase 1 and Phase 5
(DPbH) had no significant influence to the difference of blood lead between Phase 1 and
Phase 5. The mean difference of interior house dust lead loading between Phase 1 and
Phase 5 (DPbDIMD) significantly affected the difference of blood lead between Phase 1 and
Phase 5. In other words, in Area "A", DPbB increased 2.13 mg/dL for per mg/m2 increase
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TABLE 4-52. INTERCORRELATIONS BETWEEN BLOOD LEAD AND HAND LEAD
AND ENVIRONMENTAL LEAD MEASURES AND AGE

For overall study population and by area
(logarithmic)

oo
O\

Blood Lead

Factor

Hand Lead

Interior Entry Dust
Loading

Interior Entry Dust
Pb Concn.

Phase

01

03

05

09

01

03

05

09

01

03

05

09

Overall
*«

0.51
(202).
0.40
(151)

0.41 *
(149).

0.37
(109)

0.05
(188)
0.07
(151}
0.23
(149)
0.08
(106)

0.29"
(181)
0.13
(151)
0.25
(146)
0.13
(106)

A
,

0.40
(51)
0.09
(35)
0.26
(37)
0.33
(28)

0.07
(43)
0.14
(35)
0.16
(37)
0.00
(28)

a

0.36
(40)
-0.17
(35)
0.22
(36)
0.11
(28)

B

0.52"
<951.

0.53
(75}.

0.61
(68).

0.37
(51)

0.17
(92)
-0.06
(75)
0.21
(68)
0.02
(48)

0.20
(91)
-0.06
(75).

0.25
(68)
0.06
(48)

C
,

0.48
(56)
0.11
(41)
0.10
(44).

0.36
(30)

-0.10
(53)
0.00
(41)
0.17
(44)
0.28
(30)

0.19
(50)
0.19
(41)
0.19
(42)
0.21
(30)

Overall

*«
0.32
(193)
-0.03
(1521
0.20
(149)
-O.03
(108)

• *
0.42
(186)
0.06
(152_)

0.37 *
(146)
0.16
(108)

Hand

A

0.32*
(43)
-0.12
(38)
0.22
(37)
0.12
(28)

«*
0.35

(40)
0.09
(35)
0.28
(36)
0.12
(28)

Lead

B

0.36*
(95)
-0.13
(76)
0.15
(68)
-0.13
(49)

**
0.47

(94)
-0.08
(76).

0.34
(68)
0.26
(49)

C

0.28*
(55)
-0.06
(41)
0.03
(44)
-0.02
(31)

0.14
(52)
-0.14
(41).

0.45
(42)
-0.07
(31)
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TABLE 4-52 (cont'd). EVTERCORRELATIONS BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

For overall study population and by area
(logarithmic)

Blood Lead

Factor

Interior Floor
Dust Pb Loading

Interior Floor
Dust Pb Concn.

Interior Window
Dust Pb Loading

Phase

01

03

05

09

01

03

05

09

01

03

05

09

Overall

0.11
(190)
0.13
(151)
0.19
(147)
•

0.18*
(190)
0.14
(150}
0.18
(147)

a

0.04
(186)
0.09
(149}
0.18
(149)

a

A

0.06
(44)
0.12
(35)
0.07
(37)

a

0.20
(44)
0.04
(35)
0.16
(37)

a

0.07
(44)
0.25
(33)
0.29
(37)

a

B

0.12
(93)
0.02
(75)
0.16
(68)
•

0.01
(93)
-0.05
(75)
0.11
(68)

a

0.15
(89)
-0.12
(75)
0.09
(68)

a

C

0.03
(53)
0.09
(41)
0.15
(42)

a

0.19
(53)
-0.06
(40)
0.08
(42)

a

-0.11
(53)
0.00
(41)
0.17
(44)

a

Overall

0.32**
(195)
0.04
(152}
0.23
(147)

a

0.38"
(195}
0.18
(151)

0.31 *
(147)

a

0.19*
(191)
0.07
(150)
0.10
(149)

a

Hand

A

0.34*
(44)
-0.16
(35)
0.03
(37)

a

0.39*
(44)
0.08
(35)
0.10
(37)

a

0.31*
(44)
0.01
(33)
0.20
(37)

a

Lead

B

0.28*
(96)
0.01
(76)
0.17
(68)

a

0.25*
(96)
0.07
(76)
0.20
(68)

a

0.25*
(92)
-0.08
(76)
0.03
(68)

a

C

0.18
(55)
-0.12
(41)
0.19
(42)

a

0.30*
(55)
-0.12
(40)

0.30*
(42)

a

0.08
(55)
0.10
(41)
0.03
(44)

a
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TABLE 4-52 (cont'd). INTERCORRELATIONS BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

For overall study population and by area
(logarithmic)

Blood Lead

Factor

Exterior Entry
Dust Pb Concn.
(median)

Age

Interior Wall Paint
Pb, Max

Phase

01

03

05

09

01

03

05

09

01

03

05

09

Overall

0.15*
(195J
0.18
(1301
0.23
(145)
0.21
(82)

0.53"
(202),

0.39
051}
0.28
(149)
0.00
(109)

0.00
(153)
0.08
(134)
0.10
(147)
0.15
(107)

A

0.07
(49)

-O.06
(26)
0.14
(37)
-0.25
(25)

0.32*
(51).

0.47
(35)
0.00
(37)
-0.04
(28)

-0.13
(42)
-0.05
(34)
0.01
(35)
0.12
(28)

B

-0.02
(92)
•0.09
(71)
0.03
(65)
0.35
(28)

0.59"
<951.

0.48
(75}.

0.46
(68)
0.11
(51)

0.09
(70)
0.23
(62)
0.21
(68).

0.37
(50)

C

0.03
(54)
-0.01
(33).

0.35
(43).

0.49
(29)

0.64"
(56)
0.26
(41)
0.09
(44)
-0.20
(30)

0.10
(41)
0.00
(38)
0.06
(44)
-0.05
(29)

Overall

0.27"
(200}
0.22
(130).
0.37
(145)
0.12
(84)

0.54**
(202).

0.44
(131JL
0.39
(1491
0.25
(109)

-0.16*
(155)
0.09
(135)
0.05
(147)
-0.15
(108)

Hand

A

0.08
(49)
-0.27
(26)
0.25
(37)
0.08
(25)

»•
0.56

(51).
0.40
(35)
0.26
(37)
0.20
(28)

-0.07
(42)
-0.15
(34)
0.14
(35)
0.00
(28)

Lead

B

0.02
(95)
0.01
(71).

0.28
(65)
0.34
(29)

»*
0.52

(95).
0.36
(751.

0.47
(68)
0.38
(51)

-0.23
(70)
0.23
(63)
0.04
(68)

-0.22
(51)

C

0.10
(56)
-0.09
(43)
0.09
(43)
-0.1
(30)

*•

0.62
<56l.

0.63
(41).

0.38
(44)
0.11
(30)

0.03
(43)
0.14
(38)
0.20
(44)

-0.12
(29)



00

TABLE 4-52 (cont'd). INTERCORRELATIONS BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVmONMENTAL LEAD MEASURES AND AGE

For overall study population and by area
(logarithmic)

Blood Lead

Factor

Interior Window
Dust Pb Concn.

Interior Mat Dust
Pb Loading

Interior Mat Dust
Pb Concn.

Phase

01

03

OS

09

01

03

05

09

01

03

05

09

Overall

0.17*
(186)
0.21
(148)
0.19
(149)
•

0.18*
(188)
0.14
048J
0.32
(145)

a

0.12
(180)
0.17
(147;.

0.36
(137)

a

A

0.27
(44)
0.28
(33)
0.25
(37)

a.

0.05
(45)
0.06
(32)
0.22
(37)

a

0.12
(43)

-0.02
(32)
0.25
(35)

a

B

0.06
(89)
-0.06
(75)
0.06
(68)

a

0.18
(90)
-0.06
(75).

0.36
(64)

a

0.02
(86)
-0.12
(74).

0.29
(59)

a

C

0.09
(53)
0.13
(40)
0.21
(44)
a

0.15
(53)
-0.10
(41)
0.17
(44)

a

0.15
(51)
0.14
(41).

0.35
(43)

a

Overall
,

0.29
(\9\l
0.20
(149}
0.22
(149)

a

0.27"
(1931
0.16
(149J.

0.33
(145)

a
**

0.29
(185)
0.10
(148^.

0.44
(137)

a

Hand

A
,

0.35
(44)
0.00
(33)
0.23
(37)

a

0.42*
(45)
0.19
(32)
0.08
(37)

a
m

0.46
(43)
0.17
(32)
0.19
(35)

a

Lead

B

0.19
(92)

-0.01
(76)
0.11
(68)
a

0.18
(93)
-0.17
(76).

0.30
(64)

a
B

0.21
(89)

-0.16
(75}.

0.51
(59)

a

C

0.18
(55)
0.21
(40)
0.15
(44)

a

0.15
(55)
0.07
(41)
0.24
(44)

a

0.19
(53)

-0.19
(41)
0.27
(43)

a



TABLE 4-52 (cont'd). INTERCORRELATIONS BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

For overall study population and by area
(logarithmic)

Blood Lead

Factor

Interior Trim Paint
Pb, Max

Exterior Wall Paint
Pb

Phase

01

03

05

09

01

03

05

09

Overall

0.04
(152)
0.07
(133)
0.13
(146)
0.21
(107)

-0.08
(133)
-0.09
(118)
0.05
(129)
0.07
(89)

A

-0.22
(41)
-0.06
(33)
0.00
(34)
0.29
(28)

-0.11
(37)
-0.21
(29)
0.10
(34)
-0.21
(24)

B

0.24*
(70),

0.27
(62).

0.29
(68).

0.36
(50)

0.03
(64).

0.21
(59)
0.14
(63).

0.39
(45)

C

0.06
(41)
-0.16
(38)

-0.09
(44)
-0.34
(29)

0.00
(32).

-0.38
(30)

-0.13
(32)
-0.14
(20)

Overall

-0.08
(154)
0.12
(134)
0.09
(146)
0.00
(108)

-0.17'
(133)
0.13
(118)
0.08
(129)
-0.20
(90)

Hand

A

-0.07
(41)

-0.20
(33)

-0.01
(34)

-0.35
(28)

0.02
(37)
0.10
(29)
0.22
(34)

-0.18
(24)

Lead

B

^).04
(70).

0.29
(63)
0.16
(68)
0.09
(51)

,
-0.28

(64).
0.28
(60)
0.04
(63)

-0.15
(46)

C

-0.06
(43)
0.12
(38)
0.00
(44)

-O.05
(29)

-0.24
(32)

-0.02
(30)

-0.04
(32)

-0.25
(20)



TABLE 4-52 (cont'd). INTERCORRELATIONS BETWEEN BLOOD LEAD
AND HAND LEAD AND ENVIRONMENTAL LEAD MEASURES AND AGE

For overall study population and by area
(logarithmic)

Blood Lead

Faclor

Exterior Trim
Paint Pb

Phase

01

03

05

09

Overall

-0.05
(153)
0.00
(134)
0.04
(147)
0.23'
(107)

A

-0.16
(42)
0.09
(34),

0.41
(35).

0.47
(28)

B

0.14
(70)
0.14
(62)
0.00
(68).

0.32
(50)

C

0.02
(41)
-0.06
(38)

-0.12
(44)

-0.13
(29)

Overall

-0.11
(155)
0.10
(135)
0.01
(147)
-0.13
(108)

Hand

A

-0.09
(42)

-0.13
(34)
0.08
(35)
-0.19
(28)

Lead

B

-0.09
(70)E

0.35
(63)

-O.I1
(68)
0.00
(51)

C

0.09
(43)
0.12
(38)
0.25
(44)
-0.30
(29)

. 1"op number ii correlation coefficient. Bottom number in parentheaea is number of umplei.

vb Jt * ° °5

•— p S 0 005.
n = no aamples collected

Abatement: Interior dun abatement occurred in Areas A & B after Phase 01 and about 3 mo prior to Phaae 03.
Exterior duit & toil abatement occurred in Area A after Phaae 01 and about 3 mo prior to Phaae 03.
Exterior dutt A toil abatement occurred in Area B sfter Phaae OS and about 10 mo prior to Phase 09.



TABLE 4-53. SUMMARY OF BLOOD LEAD AND HAND LEAD CORRELATIONS
(Pearson Correlation Coefficients)

Overall
Phase
01 Coeff.

P
n

03 Coeff.
P
n

05 Coeff.
P
n

07 Coeff.
P
n

09 Coeff.
P
n

Arith.
0.47
0.0001
202
0.51
0.0001
151
0.34
0.0001
149
0.28
0.0018
126
0.28
0.003
109

Log
0.51
0.0001
202
0.40
0.0001
151
0.41
0.0001
149
0.38
0.0001
126
0.37
0.0001
109

Area A
Arith.
0.52
0.0001
51
0.07
0.7
35
0.27
0.1
37
0.11
0.9858
28
0.36
0.06
28

Log
0.40
0.004
51
0.08
0.6
35
0.27
0.1
37
0.36
0.0583
28
0.33
0.08
28

Area B
Arith.
0.44
0.0001
95
0.62
0.0001
75
0.51
0.0001
68
0.32
0.0116
63
0.22
0.1
51

Log
0.52
0.0001
95
0.53
0.0001
75
0.61
0.0001
68
0.40
0.0011
63
0.37
0.008
51

AreaC
Arith.
0.28
0.04
56
0.16
0.3
41
0.15
0.3
44
0.38
0.0221
35
0.46
0.01
30

Log
0.48
0.0002
56
0.11
0.5
41
0.10
0.5
44
0.32
0.0548
35
0.36
0.05
30

in DPbDIMD; in Area "B", DPbB decreased 0.000001 mg/dL for per mg/m2 increase in
DPbDIMD; in Area "C", DPbB increased 0.000089 mg/dL for per mg/m2 increase in
DPbDIMD. Age and social-economic scores were also important factors in predicting the
difference of blood lead, e.g., DPbB decreased 0.082 mg/dL for per month increase in age.
DPbB decreased 0.22 mg/dL for per unit score increase in Hollingshead social economic
score (SES). The initial blood lead affected the difference of blood lead between Phase 1
and Phase 5. For high initial blood lead children, DPbB was smaller than that for low initial
blood lead children, e.g., DPbB decreased 0.41 mg/dL for per mg/dL increase in initial
blood lead.

To investigate the effectiveness of soil lead abatement, three methods were used:
(1) correlation analysis,
(2) regression modeling, and
(3) structural equation modeling.

Two biomarkers, handwipe lead and blood lead, and two environmental exposure
markers, exterior dust lead and interior dust lead, were used in the analysis. In this report,
we investigated the relationships of these four markers and other variables, e.g., treatment
area, paint lead, age, house age and SES.
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TABLE 4-54. INTERCORRELATIONS AMONG ENVIRONMENTAL
AND BLOOD LEAD DATA

LN (PbH) pg

LN (PbD INT)" ppm

LN (PbD INT)b mg/m2

LN (XRF)° mg/m2

.

LN (PbD EXT)d ppm

LN (PbB)
Mg/dL

**
0.51
(0.44)'

0.18*
(0.41)

0.11
(0.37)

0.04
(0.43)

0.15*
(0.30)

LN (PbB)
MS

•*
0.38
(0.45)

**
0.32
(0.36)

-0.08
(0.32)

•*
0.27
(0.36)

LN (PbD INT)
ppm

n.d.
(0.72)

0.05
(0.63)

0.42"
(0.60)

LN(PbDjNT)
mg/m

0.09
0.51

_

0.19
(0.45)

LN (XRF)
mg/m

-0.11
(0.49)

'Cincinnati Prospective Study (1981) all correlations £ 0.0001.
floor dust values.
Interior trim for Soil Project and maximum value for Prospective Study.
rarget exterior dust for Soil Project, exterior surface scrapings for Prospective Study,

n.d. = not determined,
"p 5 0.05.
**p S 0.0001.



Correlation analysis was used to investigate the relationship between two variables
regardless of the influences of other variables. Multiple regression analysis was used to
investigate the relationship between one marker variable, e.g., blood lead, and other
variables. The structural relationships between these four marker variables and other
variables are ignored in the regression analysis. A structural equation model was used to
investigate the structural relationship between these four marker variables, blood lead,
hand wipe lead, interior dust and exterior dust, and other variables simultaneously.

Note that b = r«SD(y)/SD(x) for any two random variables, y and x, where b is the
slope of the simple regression, y=a+bx, and r is the correlation coefficient,
cov(x, y)/(SD[x]*SD[y]). This relationship between the correlation coefficient r and the
regression slope b was used.

The findings of these analysis are:
(i) In the correlation analysis, the difference of handwipe lead between

Phase 1 and Phase 5 was correlated with the difference of blood lead
between Phase 1 and Phase 5 (p-value <0.1). The difference of blood
lead in Area "A" was greater than that in Areas "B" and "C", e.g.,
DPbB in Area "A" was 0.18*5.28/0.46=2.07 /xg/dL more than that in
Areas "B" and "C".

(ii) In the regression modeling, the difference of interior dust lead between
Phase 1 and Phase 5 was correlated with the difference of blood lead
between Phase 1 and Phase 5. The difference of blood lead between
Phase 1 and Phase 5 in Area "A" was greater than that in Areas "B" and
"C", e.g., DPbB in Area "A" was 2.87 mg/dL greater than that in Areas
"B" and "C".

(iii) In the structural equation modeling, the difference of interior dust lead
between Phase 1 and Phase 5 had a significant contribution to the
difference of blood lead between Phase 1 and Phase 5. The difference of
blood lead between Phase 1 and Phase 5 in Area "A" was greater than
that in Area "C", e.g., DPbB in Area "A" was 2.13 mg/dL greater than
that in Area "C".

4.11.1.1 Correlation Analysis
To investigate the trends of these four markers, we used the difference of each marker

between Phase 1 and Phase 5 as a new marker. This positive value for the new marker
indicated that the value of the corresponding original marker was an increase from Phase 1 to
Phase 5, and vice versa.
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For the data collected in Phase 1 and Phase 5, calculations were made of the difference
in blood lead(DPbB), the difference in handwipe lead(DPbH), the difference in the median

interior dust lead loading(DPbDIMD) and the difference in the median exterior dust lead
loading(DPbDELD) between Phase 1 and Phase 5 respectively. Thus,

DPbB=PbB(5) - PbB(l),

DPbH=PbH(5)-PbH(l),

DPbDIMD=PbDIMD(5)-PbDIMD(l), and

DPbDELD=PbDELD(5)-PbDELD(l).

The variables included in this data analysis are listed below:

DPbB(mg/dL): difference of blood lead between Phase 1 and 5,

DPbH(mg): difference of handwipe lead between Phase 1 and 5,

AGE_M5(month): age at Phase 5,

AGE_MS5(month2): square of age at Phase 5,

AGE_MH5(month): age at Phase 5 for handwipe,

AGE_MHS5(month2): square of age at Phase 5 for handwipe,

DPbDIFL(/ig/m ): difference in interior floor dust lead loading between Phase 1 and 5,

DPbDELD(mg/m ): difference of median exterior dust lead loading between Phase 1 and
PhaseS,

PbDELDl(mg/m2): median of exterior dust lead loading at Phase 1,

PbBl(mg/dL): blood lead at Phase 1,

PbHl(mg): handwipe lead at Phase 1,

PbDIMD10tg/m ): median of interior dust lead loading at Phase 1,

PbPITMN(mg/cm2): mean of interior paint trim lead,

PbPET(mg/cm2): exterior paint trim lead,

PbP(mg/cm ): paint lead,
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PNT: paint lead be removed or not (1 =yes, 0=no),

PNT_NR: paint lead be removed from nearby building or not (1 =yes, 2=no),

JOB: household job related to lead (1 =yes, 2= no),

ACT: activities in the home related to lead (l=yes, 2=no),

WORK5 (numeric): a composite score of JOB, ACT, PNT and PNT_NR at Phase 5, [PNT:
paint was removed from apartment building or not (l=yes. 0=no),
PNT_NR: paint lead was removed from nearby building or not (1 =yes,
0=no), JOB: member of household had job related to lead (1 =yes,
0=no), ACT: activities in the home related to lead (l=yes, 0=no).],

A: Area A (interior and exterior dust lead were abated),

B: Area B (interior dust lead was abated),

C: Area C (no abatement),

SES: Hollingshead social-economic score.

The summary results from correlation analysis are shown in the following six tables.
Summary statistics are shown in Table 4-55. Summary statistics for DPbB, DPbH, DPblFL,
and DPbELD by area are shown in Table 4-56. The Pearson correlation between DPbB and
the other important variables are shown in Table 4-57. The correlations between DPbH and
the other important variables are presented in Table 4-58. The correlations between
DPbDIFL and the other important variables are presented in Table 4-59. The correlations
between DPbDELD and the other important variables are listed in Table 4-60.

From Table 4-56, we can draw following conclusions:
(1) DPbB and DPbH were higher in Area "A" than that in Areas "B" and

"C"; ie., the mean of PbB increased from Phase 1 to Phase 5 in Area
"A"; the mean of PbB decreased from Phase 1 to Phase 5 in Areas "B"
and "C". The mean of handwipe lead increased from Phase 1 to Phase 5
in all areas.
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TABLE 4-55. SUMMARY STATISTICS

Variable

DpbB

DpbH

AGE_M5

AGE_MS5
AGE_MH5

AGE_MHS5
DPbDIFL

DPbDELD

PbDELDl
PbHl
PbBl

PbDIFLl
PNT
PNT_NR

PBP

WORK5

H_AGE

SES

A

B

C

Number
148
119
148
148
126
126
128
127
138
136
148
138
148
148
148
148
148
148
43
61
44

Mean

-0.64

3.99
42.52

2120.86

43.11
2168.57

-17.30

97489
368077

10.18
10.50

411.62
0.27

1.75

2.05
0.17

110.16
19.47
0.29
0.41

0.30

SD

5.28

18.29
17.76

1574.39

17.66
1578.09

1193.0
615021
635934

12.94

5.13
910.66

0.45
0.43
2.22

0.21
16.84

7.31
0.46
0.49
0.46

Note: A= 1 for Area A, A=0 for other areas; B= 1 for Area B, B=0 for other areas; C= 1 for Area C, C=0
for other areas.

(2) DPbDIFL was smaller in Area "A" than that in Area "B" and "C"; i.e.,
interior dust lead decreased from Phase 1 to Phase 5 in Area "A";
however it increased from Phase 1 to Phase 5 in Areas "B" and "C".

(3) Exterior dust lead increased in all areas. But it increased more rapidly in
Area "B" than in Areas "A" and "C".
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TABLE 4-56. SUMMARY STATISTICS OF DPbB, DPbH, DPbDIFL,
AND DPbDELD BY AREA

DPbB

Area

A

B

C

Mean

0.87

-1.51

-0.91

Std. Dev.

5.60

5.17

4.90

DPbH

Mean

9.10

2.55

1.70

Std. Dev.

25.23

17.24

11.10

DPbDIFL

Mean

-451.13

181.77

51.06

Std. Dev.

1288.84

1437.75

427.79

DPbDELD

Mean

1 19280. 1

164066.3

71.77

Std. Dev.

308629.2

922978. 1

223152.8

4.11.1.2 Regression Modeling
The results of correlation analysis presented in the previous section have one drawback.

The correlation coefficient computed between any two random variables were not adjusted by
other covariates, e.g., environmental variables. This can be improved by regression.

The multiple regression was used to fit the following four regression models of DPbB,
DPbH, DPbDIMD and DPbDELD. The initial models are given below.

DPbB = A+B+DPbH+ DPbDIMD
+DPbDELD+AGE_M5+AGE_MS5 +
+PbBl+SES+WORK5+POT+PbP+PNT_NR+H_AGE +
A* DPbDIMD + A*DPbDELD+B*DPbDIMD +
B«DPbDELD,

4.11.1.3 Multiple Regression Modeling
Multiple regression was used to fit the following four regression models of DPbB,

DPbH, DPbDIFL and DPbDELD. The initial models are given below:
DPbB = A+B+DPbH+DPbIFL+DPbDELD+AGE_MH5+PbBl+SES

+WORK5+PbP+H_AGE

DPbH = A+B+DPbDIMD+DPbDELD+AGE_MH5+AGE_MHS5+
PbHl +SES + WORKS+PbP+PNT+H_AGE+PNT_NR
+A'DPbDIMD+A*DPbDELD+B*DPbDIMD+
B'DPbDELD,

DPbDIMD = A+B+DPbDELD+SES+POT+PbP+PbDIMDl+PNT_NR+
+H_AGE+A*DPbDELD+B*DPbDELD,

DPbDELD = A+B+PbDELDl+SES+PNT NR+PNT+PbP+H AGE.
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TABLE 4-57. CORRELATIONS BETWEEN BLOOD LEAD AND
OTHER IMPORTANT VARIABLES

Variable

DPbH"
AGE_M5*

AGE_MS5*
DPbDIFL

DPbDELD

A*

B*

C

PbHl*
PbBl*

PbDIMDl*
PbDELDl

PNT

PNT_NR

PBP

H_AGE

WORK5
t

SES

Number
119
148
148
128
127
43
61
44

136
148
138
138
148
148
148
148
148
108

Come. Coef

0.15
-0.37
-0.33
-0.02
-0.08

0.18
-0.14
-0.03
-0.15
-0.46

-0.16
0.04
0.09

-0.12
-0.05

0.056
0.092

-0.18

P-value

0.099
0.0001
0.0001
0.80
0.37
0.025
0.09
0.69
0.08
0.0001
0.055
0.63
0.28
0.15
0.53
0.50
0.27
0.07

Denotes variables significantly correlated (alpha £0.1) with DPbB.
The following conclusions can be derived from the Table 4-57:
(1) the change in handwipe lead affected the change in blood lead. The less change in handwipe lead, the

less change in blood lead. In other words, DPbB will increase 0.15*5.28/18.29 = 0.04 mg/dL for per
mg increase in DPbH because corr(DPbB, DPbH) = 0.15;

(2) the child age factor affects the difference of blood lead between Phase 1 and Phase 5. For older
children, the difference in blood lead between Phase 1 and Phase 5 was smaller than that for younger
children. In other words, DPbB decreased 0.37*5.28/17.76 = 0.11 mg/dL for per month increase in age
because corr(DPbB, AGE_M5) = -0.37;

(3) treatment (Area) affected the difference of blood lead between Phase 1 and Phase 5. In Area "A", the
difference of blood lead between Phase 1 and Phase 5 was greater than that in Areas "B* and "C". In
other words, DPbB has 0.18*5.28/0.46 = 2.07 mg/dL more in Area 'A* than that in Areas "B" and
"C";

(4) the initial (Phase 1) blood lead affected the difference of blood lead between Phase 1 and Phase 5. For
the high initial blood lead children, the difference of blood lead between Phase 1 and Phase 5 was smaller
than that for the low initial blood lead children. In other words, DPbB decreased 0.46*5.28/5.13 =
0.47 mg/dL for per mg/dL increase in PbBl because corr(DPbB, PbBl) = -0.46.
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TABLE 4-58. CORRELATIONS BETWEEN HAND LEAD AND
OTHER IMPORTANT VARIABLES

Variable

AGE_MH5

AG E_MHS5

DPbDIFL

DPbDELD

PNT

PNT_NR

PBP

WORK5

H_AGE
*

A

B

C

PbHl*
PbBl

PbDIMDl

PbDELDl

SES

Number

116
116

108
105
119
119
119
119
119
31
51
37

119
119
109
112
119

Corre. Coef.

-0.008
0.023

-0.17

0.09

0.08
-0.07

0.087

0.09
0.08
0.17

-0.07
-0.08
-0.40
-0.026

0.045
0.07

-0.08

P-value

0.93
0.81
0.087
0.35
0.40
0.46
0.34
0.32
0.37
0.07
0. 46
0.36
0.0001
0.77
0.64
0.46
0.36

In the above table, the variable marked with "*" are significantly correlated with DPbH.
From Table 4*58, the following conclusions are evident:
(1) The initial (Phase 1) handwipe lead affected the difference of handwipe lead between Phase 1 and Phase 5

(DPbH). For children with high initial handwipe lead, the difference of handwipe lead between Phase 1
and Phase 5 was smaller than that for the low initial handwipe lead children. In other words, DPbH
decreased 0.40*18.29/12.94 = O.S7 mg for per mg increase in PbHl because corr(DPbH, PbHl = -
0.40.

(2) The area factor affected the difference of handwipe lead between Phase 1 and Phase 5. In Area "A", the
difference of handwipe lead between Phase 1 and Phase 5 was larger than that in Areas "B* and "C". In
other words, DPbH was 0.17*18.29/0.46 = 6.76 mg more in Area 'A* than that in Areas "B" and "C"
because corr(DPbH, A) = 0.17.
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TABLE 4-59. CORRELATIONS BETWEEN DPbDEFL AND
_______________OTHER IMPORTANT VARIABLES___________

Variable Number Come. Coef. P-value
DPbDELD

PbDELDl

PbP

WORK5

A*
B*

C

PbDIFLl*
SES

114

119

128
128
32
56
40

128
128

-0.02
-0.06

0.02

-0.03

-0.21
0.15
0.04

-0.52
-0.007

0.83
0.54

0.81
0.74

0.017

0.096
0.66

0.0001
0.93

Denotes variables significantly correlated (alpha £0.1) with DPbB.
The following conclusions can be derived from Table 4-59:
(1) Treatment (Area) affected the difference in interior floor dust lead between Phase 1 and Phase 5. In

Area "A*, the difference in interior floor dust lead between Phase 1 and Phase 5 was less than that in
Areas "B" and "C*. In Area "B", the difference in interior floor dust lead wasercater than that in Areas
•A' and "C". In other words, DPbDIFLwas 0.21*1193/0.46=544.63 pg/ni less in Area 'A' than
that in Areas "B" and "C"; DPbDIFLwas 0.15*1193/0.49=365.20/ig/m ** greater in Area 'B" than
that in Areas "A" and "C".

(2) The initial (Phase 1) interior floor dust lead affected the difference in interior floor dust lead between
Phase 1 and Phase 5. In the higher initial interior floor dust lead area, the difference in interior floor
dust lead between Phase 1 and Phase 5 was smaller than that in the lower initial interior floor dust lead
area. In other words, DPbDEFL decreased 0.52*1193/910.66=0.68 jig/m2 for per /tg/m2 increase in
PbDIFU because corr(DPbDIFL, PbDEFLl)= -0.52.

The summaries of backward elimination procedures for these regression equations is
given below.
For DPbB,

step 1 AGE_M5 is eliminated with p-value=0.97;
step 2 DPbDELD is eliminated with p-value=0.85;
step 3 PbP is eliminated with p-value=0.65;
step 4 H_AGE is eliminated with p-value=0.62;
step 5 DPbDIFL is eliminated with p-value=0.43;
step 6 WORK5 is eliminated with p-value=0.33;
step 7 B is eliminated with p-value=0.17;
step 8 A is eliminated with p-value=0.16.
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TABLE 4-60. CORRELATIONS BETWEEN EXTERIOR DUST LEAD AND
_______________OTHER IMPORTANT VARIABLES____________

Variable Number Come. Coef. P-value

SES*

PbDELDl*

PBP

H_AGE

WORK5
A

B

C

127
127

127
127

127

35

50
42

0.17

-0.31

0.03
0.07

-0.12
0.02
0.087

-0.11

0.05
0.0004
0.74

0.41
0.17

0.81

0.33
0.21

In the above table, DPbDELD was highly correlated with PbDELDl, SES and PNT_NR.
From Table 4-59, the following conclusions can be made:
(1) The initial (Phase 1) exterior dust lead affected the difference of exterior dust lead between Phase 1 and

Phase 5 (DPbDELD). For the high initial exterior dust lead area, the difference of exterior dust between
Phase 1 and Phase 5 was greater than that in the low initial exterior dust lead area. In other words,
DPbDELD decreased 0.31*615021/635934 = 0.30 mg/m2 for per mg/m2 increase in PbDELDl because
corr(DPbDELD, PbDELDl) » -0.31.

(2) The social-economic status affected the difference of exterior dust lead between Phase 1 and Phase 5. In
the higher SES families, the difference of exterior dust lead between Phase 1 and Phase 5 was greater
than that in the low SES family. In other words, DPbDELD increased 0.17*615021/7.31 =
14302.8 mg/m2 for per SES unit increased because corrfDPbDELD, SES) = 0.17.

For DPbH,

step 1 H_AGE is eliminated with p-value=0.87;
step 2 PbP is eliminated with p-value=0.81;
step 3 DPbDELD is eliminated with p-value=0.52;
step 4 WORKS is eliminated with p-value=0.40;
step 5 SES is eliminated with p-value=0.36;
step 6 AGE_MH5 is eliminated with p-value=0.28;
step 7 DPbDDPL is eliminated with p-value=0.22;
step 8 B is eliminated with p-value=0.15;
step 9 A is eliminated with p-value=0.12.
step 10 AGE_MHS5 is eliminated with p-value=0.11.
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For DPbDEFL,

step 1 SES is eliminated with p-value=0.95;
step 2 PbP is eliminated with p-value=0.93;
step 3 DPbDELD is eliminated with p-value=0.89;
step 4 WORKS is eliminated with p-value=0.87;
step 5 A is eliminated with p-value=0.76;
step 6 H_AGE is eliminated with p-value=0.37.

For DPbDELD,

step 1 PbP is eliminated with p-value=0.43;
step 2 A is eliminated with p-value=0.47;
step 3 H_AGE is eliminated with p-value=0.12.

After the backward eliminations, four final regression models remained:

Model 1 DPbB = 8.52 + 0.038 DPbH - 0.00079AGE_MS5 - 0.17 SES - 0.43
PbBl,

Model 2 DPbH = 9.38 - 0.50 Pbffl,
Model 3 DPbDIFL = 169.05 + 297.89 B - 0.91 PbDIFLl,
Model 4 DPbDELD = -228137.95 + 13290.31 SES -I- 316397.88 B + 481704.88

WORKS - 0.35 PbDELDl.

From the final models the following conclusions were made:

(1) The change of the difference in handwipe lead between Phase 1 and
Phase 5 (DPbH) affected the change of the difference in blood lead. In
other words, blood lead decreased 0.038 jig/dL for per pg/dL decrease
in handwipe (see Model 1).

(2) Age, SES, and PbBl were important factors to interprete the difference
of blood lead. For the children with high SES (> 30 unit scores) and
moderate high PbBl (> 18 /ig/dL), the blood lead would decrease from
Phase 1 to Phase 5. The older these children were, the more rapidly
their blood lead decreased from Phase 1 to Phase 5 (see Model 1).

(3) The difference in handwipe lead between Phase 1 and Phase 5 was
reversely proportional to the initial handwipe lead. For the higher initial
handwipe lead children (Pbffl > 19 fig), their handwipe lead decreased
from Phase 1 to Phase 5 (see Model 2).

(4) The differences in interior floor dust lead were different in different
areas. In Area "B" where the initial interior floor dust lead was higher
than 515 /xg/m , the interior floor dust lead loading decreased from
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Phase 1 to Phase 5. However, in Areas "A" and "C" where the initial
interior floor dust lead loading was higher than 186 fig/m , the interior
floor dust lead loading decreased from Phase 1 to Phase 5 (see Model 3).

(5) The differences in exterior dust lead were different in different areas. In
Area "A" and "C" where household activities were not related to lead
and the initial exterior dust lead loading was moderate high (PbDELD >
870,000 ng/m2), the exterior dust lead loading decreased from Phase 1 to
Phase 5. In Area "B" where household activities were not related lead
and the initial exterior dust lead loading was higher than
1,770,000 fig/m2, the exterior dust lead loading would decrease from
Phase 1 to Phase 5.

4.11.1.4 Structural Equation Modeling
The four dependent variables DPbB, DPbH, DPbDIMD and DPbDELD were mutually

correlated. The regression models shown above do not account for this fact since they were
fined individually. When the equations in a system are interdependent, e.g., the response
variable in one equation appears as the regressors in other equation, the ordinary least square
estimates of the parameters in the system may be inconsistent. To solve this, we fit these
four models simultaneously by a system of linear equations.

We re-analyzed the above models as a system of simultaneous linear equations, using
SAS SYSLIN. The initial models here are similar to the initial regression models in
Section 2.

The final models were:

DPbB = 10.28 - 0.18 SES - 0.064 AGE_M5 - 0.46 PbBl,
DPbH = 5.78 + 0.002 AGE MH5 - 0.62 PbHl,
DPbDIMD = 291.87 - 0.91 PbDIFLl,
DPbDELD = 273191B.

The final structural models are shown in Figure 4-29.
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•0.11
p-0.004

Figure 4-29. Structural equation analysis: relationship between blood lead and
environmental lead.

From the final SYSLIN models, the following conclusions are drawn:

(1) In the DPbB model, SES, AGE, and PbBl were important factors to
predict the difference of blood lead between Phase 1 and Phase 5. For
children with high SES (>30 unit scores) and moderate high PbBl
(> 10 jtg/dL), their blood lead would decrease from Phase 1 to Phase 5.
The older the children, the more rapidly their blood lead decreased from
Phase 1 to Phase 5.

(2) In the DPbH model, the initial handwipe lead affected the difference in
handwipe lead between Phase 1 and Phase 5. For moderate high initial
handwipe lead children (PbHl >26 /xg), the handwipe lead decreased from
Phase 1 to Phase 5.

(3) In the DPbDIFL model, the initial interior floor dust lead affected the
difference in interior floor dust lead between Phase 1 and Phase 5. In the
area with higher initial interior floor dust lead (PbDOTJ >325 /ig/m2),
the interior floor dust lead loading decreased from Phase 1 to Phase 5.
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(4) In the DPbDELD model, area factor affected the difference in
exterior dust lead between Phase 1 and Phase 5. In area "B", the
exterior dust lead loading increased by 273191 /xg/m2 from Phase 1 to
Phase 5; and the exterior dust lead did not change significantly in
Areas "A" and "C" from Phase 1 to Phase 5.

4.11.1.5 Comparisons of Treatment-Effects Among the Three Statistical Approaches
The treatment-effect comparisons from these three methods were as follows:
To use the correlation analysis to compare the treatment effects across areas, we rely

on the fact that the b=r*SD(y)/SD(x), where b is the coefficient of simple regression
y=/*+bx, r is the correlation coefficient between x and y. The positive value of r will give
the positive value of b which indicated that y significantly increased as x increased.

Correlation analysis

DPbB was significantly greater in Area "A" than that in either Area "B" or "C".

DPbH was significantly greater in Area "A" than that in either Area "B" or "C".

DPbDIFL was significantly greater in Area "B" than that in either Area "A" or "C".

DPbDELD was not significantly different between areas.

Multiple regression analysis

DPbB was not significantly different between areas.

DPbH was not significantly different between areas.

DPbDDTL was significantly greater in Area "B" than that in either Area "A" or "C".

DPbDELD was significantly greater in Area "B" than that in either Area "A" or "C".

Structural equation analysis

DPbB was not significantly different between areas.

DPbH was not significantly different between areas.

4-106



DPbDBFL was not significantly different between areas.

DPbDELD was significantly greater in Area "B" than that in either Area "A" or "C".

From the above results, the following conclusions were made:

(1) The difference in blood lead between Phase 1 and Phase 5 in Area "A"
was significantly greater than that in Areas "B" and "C" by correlation
analysis; however, it was not significantly different across areas by the
other two methods. Also, the difference in handwipe lead in Area "A"
was significantly greater than that in Areas "B" and "C" by correlation
analysis; however, it was not significantly different across areas by the
other two methods.

(2) The difference in interior dust between Phase 1 and Phase 5 was
significantly greater in Area "B" than that in Areas "A" and "C" by
correlation and regression analysis; however it was not significantly
different across all areas by the structural equation method.

(3) The difference in exterior dust between Phase 1 and Phase 5 was
significantly greater in Area "B" than that in Areas "A" and "C" by
structural and regression analysis; however, it was not significantly
different across Areas "A", "B", and "C" by correlation method.

(4) Since the SYSLJN method is superior to the other two methods in terms
of investigating their structural relationship, the results from SYSLJN
were thought to be more reliable.

4.11.1.6 Statistical Modeling Conclusions
In this study, the differences in blood lead, handwipe lead, and interior dust lead were

not significantly different across all areas. Age, initial blood lead, and socio-economic score
were the important factors in the prediction of the change in blood lead. In other words,
DPbB decreased 0.064 /xg/dL for per month increase in AGE; DPbB decreased 0.46 pg/dL
for per /xg/dL increased in PbBl. DPbB decreased 0.18 pg/dL for per unit score increase in
Hollingshead social economic score (SES). From structural equation analysis, we found that
for the children with higher SES scores (> 30 units) and moderate high PbBl
(> 10 /xg/dL), their blood lead decreased from Phase 1 to Phase 5. The older these children
were, the more rapidly their blood lead decreased from Phase 1 to Phase 5. For children
with moderate high initial handwipe lead (> 26 /xg), their handwipe lead decreased from
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Phase 1 to Phase 5. For lower initial handwipe lead (< 9 ng) children, their handwipe lead
increased from Phase 1 to Phase 5. The older these children were, the more rapidly their
handwipe lead increased from Phase 1 to Phase 5. In the areas where the initial interior
floor dust lead loading was higher than 325 jig/m , the interior floor dust lead loading
decreased from Phase 1 to Phase 5. Exterior dust lead loading increased by 273,000
in Area "B" from Phase 1 to Phase 5, but it did not change significantly in Areas "A" and
"C".

4.11.2 Cross-Sectional Structural Equation Models for Loading Data
Measurements were made on different sampling units during the soil abatement project.

Blood lead (PbB) and hand lead (PbH) were measured on individual children; interior dust
lead (PbD) and paint XRF^,) on individual apartments; and exterior paint (XRFext) and
exterior dust lead on individual buildings and nearby paved areas. Analyses of these data
must take into account these design features, to avoid inflation of the degrees of freedom for
testing important effects and biased estimates of the postulated relationships.

Structural equation models including variables which quantify the nested design were
used to explore the relationships among the environmental data, each expressed as loadings,
and the outcomes of PbB and PbH. Each equation included indicator variables for different
buildings. The interior PbD and XRF, and PbH and PbB equations also included terms for
different apartments (within buildings); and the PbH and PbB equations also included terms
for different siblings (within apartments). Interaction terms, between the mediating
endogenous variables and these nested factors were created wherever possible. These
interactions, if significant, served as error terms for testing the endogenous variables' effect.
For example, a PbH* family interaction was introduced into the PbB model to test the
significance of PbH's effect on PbB. In all models, buildings variance served as the error
term for testing the effects of Abatement Area and Neighborhood (within areas).

Each of the endogenous variables were initially entered into equations further in the
postulated "casual chain" (Exterior Measurements -> Interior Measurements (PbDwindow),
PbDentry) - > PbDfloor) - > PbH - > PbB. The covariates of housing type and age,
4 behavioral variables [JOB, ACT, PAINT and PAINTneighborhoodl''' were entered into each
structural equation).* Race, sex, child's age and SES were entered into the PbH and PbB
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models; mouthing behavior was used in the PbB model only. A number of interactions were
also considered. Abatement area, age and mouthing was interacted with each environmental
Pb variable in every model in which both of these main effects were initially used.

A strategy of backward elimination of insignificant effects was followed. Interactions
were removed before main effects and only terms compared directly to error were candidates
for removal.

Multiple imputation of any missing endogenous variables' data was performed. Any
bias due to imputation was removed from the model by introducing indicator variables for
these imputed data points into the structural model.

The final models are shown in Tables 4-61 through 4-63 and Figures 4-30 through
4-32.

"JOB = job in an industry where lead may be used.
ACT = hobby or other activity which may use lead.
PAINT = painting in apartment or building within past six months.

= painting in neighborhood within past six months.

4.11.2.1 Summary and Conclusions from the Cross-Sectional Structural
Equation Models

The preabatement model shows no effect of environmental lead loadings on PbB and
PbH (Figure 4-30). This may partly explain the difficulty that was encountered by this study
in attempting to significantly reduce these indices of exposure.

The postabatement models (Figures 4-31 and 4-32) appear to show both a pattern of
recontamination and differential effects by abatement areas. Different distal sources of lead
may be acting in each abatement area. These cross-sectional models are a prelude to even
more detailed and complex longitudinal models. We plan to use these results to help us
model the changes in PbB, PbH, and PbD over the course of the project.
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TABLE 4-61. RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 1 LEAD LOADING DATA

Exogenous (Phase 1) Estimate t of F P
Dependent: In (PbB)
Intercept
ln(PbH)
Age
Age* Age
Mouthing
Areas

A
B

Neighborhoods
B
D
G

Families

1.375
0.093
0.046

-0.0006
0.217

0.044
-0.137

-0.040
0.251

-0.050

—
2.13
6.81
-5.78
2.45

F(2, 87) = 0.17

F (3, 87) = 0.50

F (87, 1,019) = 1.70

—
0.02*
0.0001
00001
0.008*
0.85

0.68

0.0001
Dependent: In (PbH)
Intercept
Age^
Age Age
Areas

A
B

Neighborhoods
B
D
G

Families

0.720
0.069

-0.0007

0.188
0.175

0.353
0.012

-0.472

—
6.13
-4.15

F (2, 83) = 0.04

F (3, 83) = 0.33

F (83, 1,019) = 2.19

—
0.0001
0.0001
0.96

0.80

0.0001
Dependent: In (PbDfloor)
Intercept
fa (PbDwindow)
In (PbDentty)
Areas

A
B

Neighborhoods
B
D
G

Apartments

3.718
0.097
0.134

0.263
0.299

-0.610
-0.834
-1.018

—
2.07
3.43

F (2, 79) = 0.02

F (3, 79) = 0.37

F(79, 1,019) = 5.14

—
0.02*
0.0001*
0.98

0.77

0.0001
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TABLE 4-61 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 1 LEAD LOADING DATA

Exogenous (Phase 1) Estimate tof F P
Dependent: hi (PbD,,̂ ,,̂  w)
Intercept
House Type
Areas

A
B

Neighborhoods
B
D
G

Apartments

5.968
1.175

2.253
-0.502

0.090
1.478
1.816

2.47
F (2, 78) = 0.58

F (3, 78) = 0.37

F(78, 1,019) = 8.96

0.008*
0.56

0.77

0.0001
Dependent: In (PbDentry)
Intercept
In (PbDext)
House Type
Areas

A
B

Neighborhoods
B
D
G

Areas* hi (PbDext)
A* In (PbDe J
B ln(PbDext)
Apartments

24.067
-1.637
1.836

-23.581
-20.238

-0.695
-0.085
-1.350

1.947
1.588

-4.80
3.86

F(2, 79) = 1.11

F (3, 79) = 0.12

F (2, 1,019) = 10.28

F (79, 1,019) = 8.53

0.0001*
0.0001*
0.33

0.95

0.0001

0.0001
Dependent: hi (PbDext)
Intercept
Paint
Areas

A
B

Neighborhoods
B
D
G

Dwellings

12.915
0.272

0.010
-1.829

1.852
2.291

-1.237

2.69
F (2, 49) = 0.74

F (3, 49) = 1.07

F (16, 1,019) = 20.22

0.004*
0.48

0.37

0.0001
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TABLE 4-61 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 1 LEAD LOADING DATA

Exogenous (Phase 1) Estimate tof F P
Dependent: In (XRF^
Intercept
Areas

A
B

Neighborhoods
B
D
G

Apartments

1.086

-0.244
-0.335

-0.187
0.223
0.243

—
F (2, 73) = 0.25

F (3, 73) = 0.44

F (73, 1,019) = 2.57

—
0.78

0.72

0.0001
Dependent: hi (XRFext)
Intercept
Paint
Areas

A
B

Neighborhoods
B
D
G

Dwellings

0.843
0.146

-0.282
-0.095

-0.011
0.222

-0.021

—
2.11

F (2, 45) = 0.09

F (3, 45) = 0.09

F(45, 1,019) = 6.16

—
0.02*
0.92

0.97

0.0001

4.12 PAINT AND WATER LEAD
Paint and water sampling was conducted once for each housing unit hi the study.

Results of the paint lead determinations, by in situ XRF, shown in Table 4-64, reveal that the
geometric mean of the maximum values for ulterior and exterior trim and walls ranged from
0.3 to 1.3 mg Pb/cm and did not vary significantly from area to area. The geometric mean
water lead concentration in 30 min stagnation samples ranged from 1.7 to 2.2 /ig Pb/L
(Table 4-65). The maximum value was 13.6 /xg Pb/L.
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TABLE 4-62. RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 3 LEAD CONCENTRATION DATA

Exogenous (Phase 3) Estimate t of F P
Dependent: hi (PbB)
Intercept
hi (PbB)
Age^
Age Age
Areas In (PbH)
A* In (PbH)
B* In (PbH)
Families* hi (PbH)
Areas

A
B

Neighborhoods
B
D
G

Families

1.639
0.119
0.044

-0.0005

-0.306
-0.048

0.180
-0.203

-0.093
0.379

-0.338

—
F(l ,42) = 1.70

5.63
-5.04

F (2, 42) = 1.69

F (42, 960) = 1.52
F (2, 79) = 0.48

F(3, 79) = 1.73

F (79, 960) = 0.92

—
0.20*
0.0001
0.0001
0.20

0.02
0.68

0.17

0.63
Dependent: In (PbH)
Intercept
hi (PbD • j )
hi (XRFjnJ
Age^
Age Age
Job *
Age hi (PbDwindow)
Areas

A
B

Neighborhoods
B
D
G

Apartments

-1.253
0.119
0.291
0.072

-0.0005
0.735

-0.004

0.870
1.555

-0.236
-0.379
0.349

—
1.88
2.13
3.88
-2.72
2.15
2.18

F (2, 60) = 4.30

F (3, 60) = 0.36

F (60, 960) = 1.46

—
0.03*
0.02*
0.0002
0.008
0.02*
0.03
0.02

0.78

0.01
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TABLE 4-62 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 3 LEAD CONCENTRATION DATA

Exogenous (Phase 3) Estimate tof F P
Dependent: In (PbDnoor)
Intercept
In (PbDentry)
Areas

A
B

Neighborhoods
B
D
G

Apartments

3.992
0.301

-1.527
-0.422

-1.046
-0.978
-1.899

—
6.82

F (2, 70) = 1.09

F(3,70) = 2.16

F (70, 960) = 8.92

—
0.0001*
0.34

0.10

0.0001
Dependent: In (PbDwindow)
Intercept
In (PbDext)
In (XRFint)
Areas

A
B

Neighborhoods
B
D
G

Apartments

-0.039
0.475
0.918

-2.907
0.201

-0.563
-1.372
-0.565

—
3.36
4.79

F (2, 70) = 1.77

F (3, 70) = 0.48

F (70, 960) = 4.63

—
0.006*
0.0001*
0.18

0.70

0.0001
Dependent: In (PbDentry)
Intercept
ln(XRFext)
House Type
Areas* In (XRFext)
A,* In (XRFext)
B ln(XRFe)rt)
Areas

A
B

Neighborhoods
B
D
G

Apartments

2.540
0.017
1.882

-2.650
-0.588

1.544
-0.110

0.981
1.661
0.308

-
0.05
4.41

F (2, 960) = 4.20

F (2, 70) = 0.40

F (3, 70) = 0.68

F (70, 960) = 5.60

-
0.48*
0.0001*
0.02

0.67

0.57

0.0001
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TABLE 4-62 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 3 LEAD CONCENTRATION DATA

Exogenous (Phase 3) Estimate t o f F P
Dependent: In (PbDmat)
Intercept
Areas

A
B

Neighborhoods
B
D
G

Apartments

6.089

-1.099
0.022

-0.861
-0.105
-1.532

—
F (2, 68) = 1.02

F(3, 68) = 2.17

F (68, 960) = 5.64

—
0.37

0.12

0.0001
Dependent: In (PbDext)
Intercept
House Type
Areas

A
B

Neighborhoods
B
D
G

Dwellings

10.924
1.288

0.496
0.612

0.818
0.638

-1.087

—
7.09

F(2, 40) = 0.12

F (3, 40) = 0.46

F (40, 960) =22.57

—
0.0001*
0.89

0.71

0.0001
Dependent: In (XRF^
Intercept
Areas

A
B

Neighborhoods
B
D
G

Apartments

1.001

-0.159
-0.307

-0.114
0.396
0.304

—
F (2, 70) = 0.25

F (3, 70) = 0.82

F (70, 960) = 2.68

—
0.78

0.49

0.0001
Dependent: In (XRFext)
Intercept
House Type
Areas

A
B

Neighborhoods
B
D
G

Dwellings

0.733

-0.172
0.026

0.026
0.191
1.156

—
F (2, 44) = 0.06

F (3, 44) = 0.09

F (44, 960) = 5.62

—
0.94

0.97

0.0001
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TABLE 4-63. RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 5 LEAD LOADING DATA

Exogenous (Phase 3) Estimate tof F P
Dependent: hi (PbB)
Intercept
hi (PbH)
In (PbDfloor)
In (PbDentry)
In (PbDe)M)
Mouthing
Paint f
Areas* hi (PbH)
A* In (PbH)
B* In {PbH)
Areas ln(PbDfloor)
A, In (PbDfloor)
B ln(PbDfloor)
Mouthing In (PbDentry)
Areas hi (PbDext)
A,* In (PbDe xt)
B ln(PbDext)
Areas

A
B

Neighborhoods
B
D
G

Families

11.295
0.121

-0.400
-0.086
-0.564
-0.485
0.455

-0.141
0.260

0.409
0.505
0.097

0.853
0.404

-12.955
-8.326

0.002
0.367

-0.972

—
1.43

-3.58
-1.19
-2.47
-1.66
2.21

F (2, 874) = 6.23

F (2, 874) = 8.75

2.19
F(2, 874) = 3.19

F (2, 65) = 1.83

F (3, 65) = 0.637

F (65, 874) = 2.22

—
0.08*
0.99*
0.12*
0.99*
0.95*
0.02*
0.002

0.0002

0.02*
0.04

0.17

0.59

0.0001

4.13 HEALTH AND SAFETY
4.13.1 Workplace Audits

Laboratory clinic and field audit reports filed between 1989-1991 were maintained by
the SHO. During 1989, 14 lab reports were prepared; 18 in 1990, and 6 in 1991.

Between 1989-1991, 28 field audits were conducted. A table indicating the types of
audits, and dates perfonned and are included in copies of the Interior and Exterior Safety
Audit forms which were used for site safety evaluations Appendix O. In general these audits
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TABLE 4-63 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 5 LEAD LOADING DATA

Exogenous (Phase 3) Estimate tof F P
Dependent: In (PbH)
Intercept
In (PbDfloor)
In (PbD j )
In (PbD3°W

Age
Sex
Areas* In (PbDfloor)
A^ In (PbDnoor)
B* In jPbDfloo,.)
Areas hi (PbDwindow)
A hi (PbDwjn<jow)
B* In (PbD^dow)
Areas

A
B

Neighborhoods
B
D
G

Families

2.318
0.418

-0.365
0.196
0.019
0.296

-0.520
-0.644

0.485
0.571

-2.880
-2.755

-1.148
0.068

-0.681

—
2.68
-4.04
2.83
5.09
1.91

F (2, 874) = 5.71

F (2, 874) = 8.22

F(2, 51) = 1.17

F(3, 51) = 0.81

F(51, 874) = 2.10

—
0.004*
0.99*
0.003*
0.0001
0.06
0.003

0.0003

0.32

0.49

0.0001

revealed that appropriate health and safety procedures were being followed. Common
problems noted in some of the interior and exterior field audits included:

Interior Dust

• employees not wearing proper foot protection
• safe lifting practices not followed
• emergency phone numbers not available at site
• dust containers not equipped with covers.
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TABLE 4-63 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 5 LEAD LOADING DATA

Exogenous (Phase 3) Estimate t of F P
Dependent: In (PbDfloor)
Intercept
In (PbD • A )
in (PbDe™ °W

In (PbDemry)
ln(XRFext)
House Age
Areas In (PbDwindow)
A In ^PbD • A )
B* In (PbD™d°J
Areas* In (XKFext)
A,* In (XRFext)
B In (XRFext)
Areas in (PbDext)
A* In (PbDext)
B ln(PbDext)
Areas

A
B

Neighborhoods
B
D
G

Apartments

13.946
-0.004
-L669
0.142

-0.490
0.097

_ _

0.474
0.651

-2.059
L251

2.023
1.363

-27.602
-24.225

2.408
2.370

-2.817

—
-0,04
-5.03
2.33
-1.59
3.01

F (2, 874) = 12.54
- -

F (2, 874) = 11.41

F (2, 874) = 7.23

F (2, 53) = 1.45
__

F (3, 53) = 2.15

_ _ _

F (53, 874) =7.18

—
0.52*
0.99*
0.01*
0.94*
0.002*
0.0001

0.0001

0.0008

0.24

o.ia

0.0001
Dependent: In (PbD,̂ .̂)
Intercept
Areas

A
B

Neighborhoods
B
D
G

Apartments

10.768

-2.195
0.619

-4.524
-1.855
-0.253

—
F (2, 54) = 0.80

F (3, 54) = 1.12

F (54, 874) = 7.17

—
0.46

0.35

0.0001
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TABLE 4-63 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 5 LEAD LOADING DATA

Exogenous (Phase 3) Estimate t o f F P
Dependent: In (PbDentry)
Intercept
ln(XRFmt)
House Type
House Age
Job
Paint
Areas

A
B

Neighborhoods
B
D
G

Apartments

-17.098
0.738
1.012
0.170
1.541
0.995

-0.895
4.724

-0.488
-0.484
1.500

—
3.66
2.50
4.01
2.85
2.34

F (2, 54) = 2.77

F (3, 54) = 0.25

F (54, 874) = 6.24

—
0.0002*
0.007*
0.0001*
0.003*
0.01*
0.07

0.86

0.0001
Dependent: In (PbDmat)
Intercept
Job
Paint
Areas

A
B

Neighborhoods
B
D
G

Apartments

4.237
2.719
1.065

2.243
1.733

-0.548
0.861
0.154

—
5.47
2.91

F (2, 53) = 1.62

F (3, 53) = 0.46

F (53, 874) = 3.56

—
0.0001*
0.002*
0.21

0.71

0.0001

Exterior Soil

• employees not wearing proper foot protection
• dust control not maintained
• first aid kit and emergency phone numbers not available at site.

In addition to regular laboratory audits, walk-throughs to identify area lead exposure
and to observe work practices in laboratories were conducted by a University of Cincinnati
M.S. industrial hygiene student. These reports showed that exposures were far below all
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TABLE 4-63 (cont'd). RESULTS OF STRUCTURAL EQUATIONS MODELING
USING PHASE 5 LEAD LOADING DATA

Exogenous (Phase 3) Estimate tof F P
Dependent: In (PbDext)
Intercept
ln(XRFext)
House Type
Areas

A
B

Neighborhoods
B
D
G

Dwellings

12.691
0.211
0.452

0.226
-0.170

-1.093
0.830

-2.099

—
3.07
4.12

F (2, 35) = 0.03

F (3, 35) = 2.03

F (35, 874) = 43.94

—
0.001*
0.0001*
0.97

0.13

0.0001
Dependent: In (XRF^t)
Intercept
Areas

A
B

Neighborhoods
B
D
G

Apartments

0.548

0.621
0.240

0.350
0.022
0.181

—
F(2, 56) = 1.19

F (3, 56) = 0.34

F (56, 874) = 1.58

—
0.31

0.80

0.005
Dependent: hi (XRFext)
Intercept
Areas

A
B

Neighborhoods
B
D
G

Dwellings

0.716

0.125
0.060

0.113
0.063
0.105

—
F (2, 38) = 0.06

F (3, 38) = 0.08

F (38, 960) = 1.79

—
0.94

0.97

0.003

One-tail p-value.

4-120



House Type

Paint

I
to

PbDE, )———1. PW)
5«

Age

I
Age

t
Mouthing

t t
Area House Type

Note: Family, Apartment, and Dwelling effects are not shown

Figure 4-30. Phase 1 structural equation model for loading data.
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Figure 4-31. Phase 3 structural equation model for loading data.
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Figure 4-32. Phase 5 structural equation model for loading data.



currently accepted standards use by OSHA, or exposure guidelines from NIOSH and the
ACGIH (see Appendix F).

4.13.2 Special Workplace Evaluations
4.13.2.1 Price Hill Facility

As with laboratory monitoring, personal and area air monitoring was performed by
University of Cincinnati industrial hygiene graduate students during abatement periods.
Early in the study a survey was conducted of a soil sieving operation at a temporary field
site. Personal monitoring of three abatement employees' breathing zones was conducted for
lead exposure as they performed their usual work tasks. The employees' breathing zones
were monitored for time period up to 6.5 h. The ventilation results show that the hood sash
should have been pulled down to the halfway position to achieve optimum protection. The
samples collected indicated that the three workers were exposed to just detectable amounts of
lead-containing dusts which were far below the OSHA General Industry action level for lead.

4.13.2.2 Noise Levels
A 1990 survey of the 12V portable exterior dust sampling vacuum equipment which

revealed noise sound levels over 90 dB prompted the installation of a hearing conservation
program which required employees to wear hearing protection when exposed to sound levels
of 85 dB or greater.

During abatement in Fall 1991, personal sound levels measurements were obtained
from three abatement workers: one backhoe operator, one bobcat operator and one randomly
selected student. Each of these individuals wore personal noise dosimeters for 7 h. Results
of the three samples (68-77dB) were well below the OSHA 85 dB action level for an 8 h
day.

4.13.3 Manuscript on Safety and Health Plan
A manuscript on the development and implementation of this safety and health plan,

previously introduced as Appendix H in Section 3.1, summarizes the above and additional
material.
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TABLE 4-64. PAINT LEAD XRF MEASUREMENTS IN REHABILITATED
HOUSING FOR INITIAL RECRUITS, GEOMETRIC MEAN,

(90 PERCENTTLE) (mg/cnT)

Location

Interior Trim
(max)

Interior Wall
(max)

Exterior Trim
(max)

Exterior Wall
(max)

Area A

1.1
(2.1)
n=28
0.3

(1-2)
n=29

1.1
(1.8)
n=29
0.6

(2.1)
n=26

Area B

1.1
(2.6)
n=50

0.5
(1.3)
n=50

1.0
(1.7)
n=50
0.3

(0.9)
n=46

Area C

1.3
(3.0)
n=36
0.7

(1.7)
n=36

1.3
(3.5)
n=36
0.5

(1.5)
n=29

TABLE 4-65. WATER LEAD CONCENTRATIONS IN REHABILITATED HOUSING
FOR INITIAL RECRUITS, 30 MINUTE STAGNATION (/*g/L)

Geometric Mean
Maximum

90th %tile
Number of Samples

Area A
1.7
3.4
1.9
27

AreaB

2.2

13.6
6.1
46

Area C

2.0
10.6
3.4
35

4.14 ABATEMENT COSTS
Abatement costs for soil, interior dust and exterior dust abatement for project years

1989, 1990 and 1991 are summarized in Table 4-66. The unit abatement costs are expressed
per area, per housing unit (interior dust) and per study child. These units are somewhat
arbitrary because there were many other children living in the study area, in addition to
children enrolled in the study. For example, since the exterior abatement (soil and exterior
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TABLE 4-66. ABATEMENT COSTS*

Soil Abatement
Total Cost $
Area, m2

# Subjects
$/M2

$/Subject
Interior Dust

Total Cost $
# Housing Unit
Area, M2

# Subjects
$/Housing Unit
$/M2

$/Subject
Exterior Dust

Total Cost$
Area, M2

# Subjects
$/M2

$/Subject

1989

130,712
3,708

56
35.25

2,334

112,746
93

6,867
163

1,212
16.42

692

37,366
38,464

56
0.97

667

1990

*#
228,850

8,381
59
27.30

3,025

23,632
16

1,331
29

1,477
17.75

814

66,977
75,496

59
0.89

1,135

1991

65,537
2,079

52
31.52

1,260

46,082
41

3,531
52

1,124
13.05

886

***

Overall

425,099
14,168

167
30.00

2,244

182,460
150

11,729
244

1,216
15.56

748

104,343
113,960

115
0.92

907
.
Does not include preparation and inspection costs.
About 22% of the cost was for abatement outside the actual study area.
Exterior dust abatement performed only on a limited basis during 1991 and was not comparable to that

performed in earlier years.

dust) was conducted on an area-wide basis, there were many children living in the area other
than those who were enrolled in the study. In addition, there were many children in the
abatement areas who were too old to be eligible for the study.

The total cost of the abatement, excluding methods development, preparation of
contacts and inspection costs was about $712,000. The average total cost per study subject
was $3899 with 58% of the cost for soil abatement, 19% for interior dust abatement and
23 % for exterior dust abatement.
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5. CONCLUSIONS

Conclusions will be presented in two formats: (a) as responses to questions asked
concerning whether or not our evaluation of descriptive statistics of the study data provided
evidence to support certain conclusions and (b) as general conclusion based on evaluation of
study results. These are not mutually exclusive formats.

5.1 RESPONSE TO QUESTIONS
1. Do we find evidence that soil abatement reduced soil lead concentrations?

Yes: Table 4-21, Area A, Phase 0 versus Phase 02
Area B Phase 05 versus Phase 09

2. Do we find evidence that soil and exterior dust abatement alone reduced interior house
dust Pb concentration?

Not part of study design in Phases 00 through 05 but can compare Phase 06 vs.
07 in Area B when data are available.

3. Do we find evidence that interior dust abatement reduced interior dust Pb
concentration?

No: Table 4-33; Area A and B; Floors; Phases 01 vs. 02.

4. Do we find evidence that interior dust abatement, alone, reduced interior dust Pb
loading?

Yes: Table 4-33; Area B; Floors; Phase 01 vs. 02.

5. Do we find evidence that soil and exterior dust abatement reduced exterior dust lead
concentration?

No: Table 4-28, Area A, Phase 01 vs. Phase 02
Area B, Phase 05 vs. Phase 09

loading?

No: Table 4-30, Area A, Phase 01 vs. Phase 02
(except targeted samples)

5-1



6. Do we find evidence of soil recontamination?

No: Table 4-21; Area A; Phase 02 vs. 09.

7. Do we find evidence of exterior dust recontamination?

Can't test since initial reduction not demonstrated (except target samples').

8. Do we find evidence of interior dust recontamination?

Yes: Table 4-33; Area B; Floors; Phase 02 vs. 05.

9. Do we find evidence of the impact of abatements on hand lead?

No: Table 4-46; Area A or B; Phase 01 vs. 05 or 09.

10. Do we find evidence of the impact of abatements on blood lead?

Perhaps: Table 4-41; Area B; Phase 01 vs. 05
Table 4-44; Area B; Phase 01 vs. 05
Table 4-45; Area B; Phase 01 vs. 05.

11. Do we find evidence that intercorrelations among measures were as hypothesized prior
to any abatements?

Yes: PbD (exterior) vs. PbD (interior)
PbD (interior) vs. PbH
PbH vs. PbB

12. Since the findings are largely negative, do we have evidence that they are not due to
sampling or analytical error?

Yes: extensive QC data confirms accuracy and precision of
measurements.

13. Do we have any evidence that abatements might have caused a transient increase in
exposure?

No.

14. Was there evidence that the environment was stable over the course of the study?

No: In the control area environmental lead levels varied widely
during the course of the study.
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5.2 GENERAL CONCLUSIONS
(1) As a result of abatement geometric mean soil lead concentrations decreased in the

top 2 cm samples by 146 ppm in Area A and by 102 ppm in Area B.

(2) As anticipated, soil lead concentrations were higher when a building was located
near the sample location (line (source) sampling pattern) than for areas more
remote from such structures (line (area) sampling pattern).

(3) Soil concentrations were also greater as anticipated for soil areas were building
debris was observed in the bottom 2 cm of the 15 cm soil cores.

(4) Exterior dust abatement was not effective in reducing lead loadings, as measured
in samples collected within weeks of abatement, except at locations near the entry
to subjects' houses where more than a 50% reduction was observed in the first
post-abatement sample.

(5) Interior dust abatement was effective in reducing interior dust lead loadings by
about 40% in Area A and by about 60% in Area B. Loadings in Area B, where
only interior abatement has occurred, showed evidence of some recontamination
3 mo later. There was some indication that the impact of the abatement persisted
10 mo later in Area A and perhaps as long as 22 mo post-abatement.

(6) There was no evidence that blood lead levels were reduced by soil lead or dust
abatement in Area A. There was a slight reduction (net reduction over control
area) of 0.6 /xg/dL in Area B that may be attributed to interior dust abatement
(this difference was not statistically significantly).

(7) The inability to achieve a sustained reduction in exterior dust lead loadings was
probably an important contributing factor for the lack of blood lead level
reduction.

(8) The interior dust abatement in this project was performed under rather favorable
conditions: (1) it was performed in completely rehabilitated housing with a lack
of significant amounts of lead-based paint and with tight floors with no dust-laden
cracks); and (2) the protocol for abatement featured a substantial amount of
furniture and carpet replacement as well as wet and dry cleaning. Even under
these somewhat ideal conditions, reduction in interior entry dust lead loadings of
only about 50% were reached. Interior floor dust lead loadings were 37% lower
10 mo post-abatement in Area A. In other types of housing containing lead-based
paint, with housing hi poorer condition and with a less rigorous protocol applied,
a single time interior dust abatement would not be as likely to achieve even these
modest results.
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APPENDIX A

Calculation of Required Sample Size

This appendix was Addendum A "Power Calculations" of the
September 30, 1988 Grant Agreement between the U.S. Environmental
Protection Agency and the University of Cincinnati.

Reference (5) in this document is:

Succop, P.A., O'Flaherty, E.J.,Bornschein, R.L., Clark, C.S.,
Kraftt, K., Hammond, P.B., Shukla,R. A kinetic model for
estimating changes in the concentration of lead in the blood of
young children. In: Lindberg, S.E. and Hutchinson, T.C. (Eds).
Proceedings of the International Conference: Heavy Metals in the
Environment, Vol.2 New Orleans, September 21987, pp. 289-291.



DEMONSTRATION OF POWER AND SAMPLE SIZE CALCULATIONS

Estimates of the effect sizes to be expected are obtained from Kinetic
Model (5). Assume that we are sampling children whose ages are
distributed uniformly across the age range of interest (12 to 60 months),
half of whom have blood leads (PbB's) whose kinetic change with time will
resemble that of children having resided continuously in Rehabilitated
housing, the remaining half having PbB's whose kinetic change with time
will resemble that of children having resided continuously In Satisfactory
housing to their current age, t

From Kinetic Model (5), a child residing continuously in a single housing
category from birth is modeled

PbBt • .9««PbBprenal8l«{ 1 -«p( -.063»tprenal8l)}*{«p( -.063«t)) ( 1 )
«e,*{1-wp(-.063«t)),

where a, is the estimated asymptote for the housing category in which the
child resides. For a child continuing to reside in this category for At
additional months, PbB is modeled

(2)

*e,«(l-exp(-.063«lt*Al])},

at time t« At, while a child moving to a different category of housing has
an expected PbB of

•l«(1-«P(-.063' 0)«(exp( -.063*1 At] )) (3)

where a2 is the asymptote for the category into which the child moves.
The prenatal effect in Eqs. (1) through (3) may be modeled assuming full
-term pregnancies (t™,̂  9) and by using the observed Lead Program
Project's prenatal, maternal PbB mean of 8.2.

The expected mean PbB for children at the 3 sampling occasions
planned by the study design may be estimated by Integrating the variable t
in Eqs. (1) through (3) above In the limits (12,60] and dividing by 48, I.e.,
the range in ages of children to be sampled. Integrating (1) provides an
estimate of the geometric mean PbB for all children to be sampled Just
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prior to abatement
60

.495808123 « .850574234*,. (4)

The design of the abatement study calls for repeated sampling of PbB's 6
and 12 months after abatement. Integrating (2) for At-6 and At-12
provides

60

(48)"1 j PbBl46dl • .340661394 « .897332078*,, (5)

and
60

(48)''J PbBlM2<ft-.234062694* -W9458604*,, (6)

respectively. Assume that soil abatement has an equivalent effect to that
of a move for a child from a Rehabilitated or Satisfactory house to a
newer (Post World War 2) residence. Then integrating Eq. (3) for At-6 and
At* 12 provides,

60
(48)''J^PbBt,**-.340661394* .5844152011, 012916877*2, (7)

and
60

(46)~'JpbBtH2* ".234062694 * .401522254*, ».527916782*2, (6)

as expected geometric mean PbB's for children living In abated residences
6 and 12 months, respectively, following abatement

Using the average of the two asymptotes estimated for the
Rehabilitated and Satisfactory categories as representative of
ore-abatement asymptotes provides a,-HO7.19* 19.97)- 15.56. The
asymptote for the Private Post World War II housing category provides
82* 1426. Then the geometric mean PbB's for the 5 areas to be used In this
study at the 3 sampling occasions may be estimated from Eqs. (4) through
(8) and are listed in the following Table.
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AREAS
inter tor

AREA A AREAS AREA C rvor\abat*d
April-May, 1989 16.299 16.299 16.299 16.299 16.299
October, 1989 15.661 15.661 17.013 17.013 17.013
April-May, 1990 15.222 15.222 17.503 17.503 17.503

These estimates assume that removal of interior dust will provide QQ
additional diminishment in Pt>B.

Assuming an equal number of children will be sampled in each group,
the grand ln(PbB) means are estimated to be 2.79 11, 2.8009, and 2 8065 at
these 3 sampling occasions. The effect sizes. T, expected to occur in
separate analyses of covariance of IrtPbB^g) and WPbB^^ f°r each °r

the j areas are

where fyt« &o *s the mean of ln(PbBt4^ )̂, and R(t) is the mean of
gV From the above table, we have for these TJ'S

Soil abated areas (A,B) Non-soil abated areas (C,0,E)
October. 1989 -.0497 .0331
April-May, 1990 -.0838 .0559

The sum of squares for testing the hypothesis of no effect on
due to soil abatement is

(II)

where n Is the number of children to be sampled in each area. Using the
* s frorn U* abovc tatlle' we have

.0082H; n l T 4 - -0234n. (12)

Assume that after statistical correction for age and the initial PbB
collected in Spring, 1989, the children sampled in the soil abatement
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study have residual PbB's 6 and 12 months following abatement that art
akin to those observed in the Lead Program Project's cohort at 42 and 46
months. (Once again we use the assumption of sampling children whose
average age at the beginning of the study Is 36 months.) The tt$£ from
analyses of covariance of the Lead Program Project's data may then be
used to estimate the expected residual variance to be encounttrtd in this
study. Specifically, we estimate that

M5EUn(PbB42Hln(PbB36),Hous1ng categories!) • .07628 (13)

and

MS£t1n(PbB48) t1n(PbB36),Housing categories]) • .05756. ( 1 4)

Housing category has also been removed from the residual variation since
the abatement study plans to follow only non-movers, which we assume
are, once the study begins, in a non-changing environmental 'category'.
The effect of housing over and above the prior PbB is quite minor at these
ages.

Thus, the noncentrality parameters that occur In testing the overall
hypothesis of no soil abatement effect are

(15)
.07628

.05756

using all 5 groups in ANACOVA
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The power for detecting a significant effect due to abatement on PbB at
t»6 and t« 12 months is then estimated to be:

n power(t«6) power(t*12)
10 .103 293
15 .136 .444
20 .173 .585
25 214 .704
30 .253 .794
35 294 .861
40 .336 .909
45 .375 .941
50 .415 .963

80* power for finding a significant effect of soil abatement on
ln(PbBl412) is expected to result if at least 31 children in each of the 5
areas are sampled. Other effects of abatement, especially those which are
captured in the environmental measurements, will have at least, and
probably much greater, power than that shown here for PbB, since our
published longitudinal study data has indicated much stronger
relationships among the environmental measures of housing, soil lead, and
dust lead, than those found between the environment and indices of body
burden such as PbB.
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University of Cincinnati Cincinnati Soil Project

1142 Main Street
Cincinnati, Ohio 45210-1936
Phone (513) 651-4774

May 26, 1939

Dear Resident:

Do you remember our census of young children that you participated in?

Well, you may be interested in knowing that partially as a result of that
census, your housing is in cne of the areas that are eligible to participate in a
project that the University of Cincinnati, with cooperation from the Cincinnati
Health Department, is conducting.

The project is designed to determine if certain environmental Improvements
are able to reduce the exposure of young children to lead from soil and dust.
You and some other residents in your neighborhood will be asked to bring your
young children (under f ive years of age) to the Soil Project Of f ice to enroll in
the study and to have their blood measured for lead over the next two years.

Enclosed is a fact sheet that provides some further information.

in the meantime, if you have any questions, please call JoAnn Grote or
Sherry Wllkens (651-4774).

Sincerely,

JoAnn Grote Sherry wllkens
Resident Coordinator Recruiter



Cincinnati Soil Project

Hhat is the Soil Project?

It is a three year research project funded by the U.S. Environmental Protection
Agency to the University of Cincinnati Department of Environmental Health with a
subcontract to the Cincinnati Health Department.

Hhat is its purpose?

Its purpose is to determine if efforts to reduce the amount of lead in available
soil and dust in residential areas can lower the blood lead of young children (under
5 years of age) living in these areas.

How will available soil lead be reduced?

Two methods will be used: removal of soil to a six inch depth and replacing it with
fresh topsoil or cultivation of the soil if only the top layer is higher in lead.
New sod will be placed on areas where soil has been either removed or cultivated.

How will dust lead be reduced?

In exterior paved areas (for example, streets, alleys and sidewalks) vacuum
equipment will be used to remove dust and dirt. Dust from inside of homes will be
removed by use of special vacuum equipment and in some cases by a limited
replacement of carpets and furniture.

How were areas selected?

Areas selected had to have a large number of children less than five years of age
and a high percentage of FHA rehab housing.

What is involved in the project?

In addition to the soil and dust activities mentioned above, blood lead of children
will be periodically determined (a total of 5 times over three years) and extensive
environmental sampling (for example, soil and dust from both inside and outside
homes) will take place a total of 7 times in three years.

Hill soil and dust clean-up occur the same time in all areas?

No, because this is a research project, clean-up activities will be spread over a
three year period.

Hill public recreation areas be included?

Yes they will if they lie within areas being studied. We will work closely with the
Recreation Commission to make sure that disruption of their use is kept to a minimum
and that appropriate surface coverings are placed around swings etc.

Hhy was Cincinnati chosen?

It was chosen for several reasons (1) the existence of an established lead research
group at the University of Cincinnati, (2) evidence of high soil and dust lead in
residential areas, (3) an active lead screening program in the Cincinnati Health
Department, and (4) a history of cooperation between the city, the University and
the medical community.

(OVER)



APPENDIX C

Letters to Community Leaders and Property Owners Describing Study
and an Accompanying Project Fact Sheet



University of Cincinnati Cincinnati Soil Project

1U2 Main SUM!
Cincinnati, Ohio 45210-1936
Pnone (513) 65l-477«

We vould l i ke to Inform you about a University of Cinc inna t i research project
I n v o l v i n g small portions of several Cincinnat i neighborhoods. The Cincinnat i
Hea l th Department Is also involved with us In this effort.

The project goal is to determine If reducing the amount of lead in soil and dust
wil l reduce the exposure of young children to lead. The focus 1s on those areas
where there is a high concentration of rehabilitated housing where the sources of
lead are generally thought to be front the routine entry of dust Into the home from
outs ide paved and soil areas.

The environmental improvements wil l include soil surface clean-up in areas wi th
l ead levels above a pre-determined value, extensive c lean ing of paved areas, and
c^st removal i n s ide of homes of young chi ldren who are enrolled in the project.
As a par t of the dust removal from the inter iors of homes, a l imited amount of
f u r n i t u r e and carpets ir.ay be replaced. Exter ior c l ean -up act ivi t ies w i l l be
a v a i l a b l e for a l l properties w i t h i n defined areas whi l e in ter ior c lean-up w i l l
occur only in homes where young chi ldren are enrolled in the project.

B e c a u s e th i s is a research project not all c l ean -up a c t i v i t i e s are scheduled ti<
occur d u r i n g the same year. The established schedule is as follows:

M e i c h b o r h o o d Area Year C l e a n - u p

Por t ions of Pendleton 1989 Inter ior and Exter ior

Por t ions of F ind lay Market 1989 Inter ior
and Back St. area

Por t ions of Findlay Market 1990 Exterior
and Back St. area

Por t i ons of Clencoe Place 1991 Interior and Exter ior
and M o h a w k area

The s p e c i f i c boundar ies of these areas are shown on the enclosed sheets.



An Initial soil sampling and a census of young children have already occurred as
part of our efforts to determine eligible areas. Actual recruitment of
participating families with young children 1s scheduled to start In the near
future.
Enclosed 1s an Information sheet which provides some further Information on this
project. Should you have any questions, please call Linda Conway-Mundew at the
Soil Project Office (651-4774).

Sincerely,

Linda Conway-Hundew Scott Clark
Project Administrator Principal Project

Investigator

JoAnn Grote Bill Menrath
Resident Coordinator Property Coordinator

LCM:SC:JG:BM/jo

Enclosures



University of Cincinnati Cincinnati Soil Project

1142 Mam Street
Cincinnati. Ohio *52i
Phone (513) 651-4774

1142 Mam Stree
11 ? ' Cincinnati. Ohio 45210-1936

BACKGROUND INFORMATION ON CINCINNATI SOIL PROJECT

1.- This is a demonstration project requested by the U.S. Environmental
Protection Agency to provide answers to specific questions regarding
lead in the environment.

2. The specific questions to be answered are:

(a) Are any of the following methods effective in reducing exposure of
young children (less than 5 years of age) to lead? reduction of
lead in soil available to the children, reduction of lead in
exterior dust, and reduction of lead in interior dust.

(b) Which of the above methods, alone or in combination with one or
both of the other methods, is most cost effective in reducing the
exposure to lead?

(c) How quickly do soil and dust areas become recontaminated after
clean-up?

3. In order to answer the above questions in an efficient way it is
essential to select areas with a high density of young children and in
which a high percentage of the children live in housing where lead in
soil and dust are the major immediate sources of lead to the children.

4. In Cincinnati houses rehabilitated under various HUD programs, where
lead paint availability on the interior and exterior of homes was
virtually eliminated, represent the type of housing where the lead in
soil and dust are thought to represent the najor sources available to
the children.

5. The purpose of this demonstration project,therefore, is not:

(a) To reduce the blood lead levels of the children with the highest
blood lead (such children almost always reside in houses that have
not had their paint lead removed); or

(b) To remove the most lead-contaminated soil in the city (again, such
soil is likely to be adjacent to structures still having lead-
based paint on them).

6. The purposes of the demonstration project require that we select
portions of neighborhoods that will enable us to provide answers to the
US EPA's questions, within the constraint of time and money imposed by
the project, and within the research guidelines developed by the US EPA,
the Centers for Disease Control and by our research group.

(OVER)
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7. There are many factors that constrain what we do and how we do it.
Among these factors are the following:

(a) Season of the year Influences the degree of lead exposure and was
considered in deciding when we will abate lead and when we will
measure blood level.

- (b) There must be appropriate comparison neighborhood areas that are
not soil or dust abated the same year; these comparison areas must
be very similar to the areas being abated.

(c) In order for our findings to be statistically significant, the
areas selected must have a minimum average of 50 children that
complete the two-year study. Based on our past experience we know
that only 80 % of those families we contact will participate and
that, for various reasons, only 80 % of those who join will
actually complete the study.

Therefore each study and comparison area must have an average of
about 75 children less than 60 months of age at the beginning of
recruitment.

8. The areas that meet the criteria for Inclusion 1n the project are
portions of the following neighborhoods: Pendleton, Findlay-Back, and
Glencoe-Mohawk. Other areas considered include North and South portions
of Lower Price Hill, the John St. area of the West End,and portions of
Walnut Kills.

9. Through an agreement with the City of Cincinnati that was required prior
to sampling city-owned property, we agreed to abate any city property
found to contain soil with lead concentrations requiring some abatement
according to our guidelines, regardless of whether that area was
eventually^elected for inclusion in the study.
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GLENCOE NEIGHBORHOOD

The properties included vn the Glencoe
neighborhood will be those properties
fronting on the north end south sides of
Glencoe Place west of Inwood Place end
View Court, properties fronting on Leroy
Court, properties on Adnored, end properties
on Deronda.

MOHAWK NEIGHBORHOOD

The Mohawk neighborhood boundary begins et
the intersection of Centre! Perkway and
Mohawk Place end proceeds east on Mohawk
Piece to McMicken Avenue, southeast on
McMicken Avenue to Elm Street, south on Elm
Street to the parcel of property et 2035 Elm
Street elong the boundery of that percel to
Colby Alley, ecross Colby Alley to the percel
of property et 2036 Dunlap, north on Dunlap
to Stark Street, northeest elong Stark Street
to Central Parkway, north on Central
Perkway to the intersection of Central
Parkwey and Mohawk Piece The Mohewk
neighborhood is enclosed within these
boundaries.



THE BACK STREET NEIGHBORHOOD

The Back Street neighborhood boundary
begins at the parcel of property located at
1650 Hamer Street and proceeds north on
Hamer Street to the intersection of Hamer
and Elder, east on Elder Street to the
intersection of Elder and East McMicken,
southeast on East McMicken to the parcel of
property at 50 East McMicken, along the
boundary of that parcel to Hust Alley,
southeast along Hust Alley, across Lang
Street to the parcel of property at 100 East
McMicken Avenue, along the boundary of that
parcel to East McMicken Avenue and across
East McMicken Avenue to Beck Street,
northwest on Beck Street to the parcel of
property located at 25 Back Street, along the
boundary of that parcel to the starting point
at 1650 Hamer Street. The Back
neighborhood is enclosed within these
boundahes.

'?•a
FINDLAY NEIGHBORHOOD

The Findlay neighborhood boundary begins at
the intersection of Elm Street end Sellew
Alley and continues north along Elm Street
to Forbus Alley, west on Forbus Alley to
Race Street, across Race Street to Addy
Alley, east on Addy Alley to the parcel of
lend et 18 Findley Street, west on Findlay to
Goose Alley, south on Goose Alley to Elder
Street, west on Elder Street to Race Street,
north on Race Street to Sellew Alley, west
on Sellew Alley to Elm Street, returning to
the starting point at the intersection of
Sellew Alley end Elm Street. The Findlay
neighborhood is enclosed within these
boundaries.
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PENDLETON NEIGHBORHOOD

The Pendleton neighborhood boundary begins
at the intersection of Housman Alley and
Broadway and proceeds north on Broadway to
East 12th Street, west on East 12th Street to
Bunker Alley, north on Bunker Alley to East
13th Street, east on East 13th Street to
Broadway, north on Broadway to 1320
Broadway, continuing east on that parcel of
property to Spring Street, including 1323 and
1320 Spring Street, continuing east along the
parcel at 1320 Spring Street, continuing east
along the parcel at 1327 Pendleton Street to
Pendleton Street, south on Pendleton street
to Levering Alley, west on Levering Alley to
Spring Street, south on Spring Street to
Housman Alley, west on Housman Alley to
the starting point at the intersection of
Housman Alley and Broadway. The Pendleton
neighborhood is enclosed within these
boundaries.
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In a Urge bowl BUJ irulanl pudding U4in^ dirtuioru for
auking pte on f f d u f t . Add oon*iner of euui wlup and tuur
auoi (>f dea/edj 10 pudding •""•••• Bc^ui by M*mng wun a
layer of pudding in buuoa of a bowl, add a Ujti at »anuL<
wafen, nui alice ban«ruM on top of wa/cu. Conunuc
layering, arukng wun • lagrcr uf cnuKcd >aniU< »^et Lnjoyi

AN.SOLNCl.MtMi

Tn* Cmonruui &utl Prujeu prouujy announcei me binrt of iric

tr.it* \

Good Luck in UK fulurel 1 1 1 1 1

» C 2 1

M 1 » r

D T * t

K I M D

C , C . k . - i .

M i O O P T D H I r
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PKOCKAM PkGCKEiS KEPOBT: I NEWS ji
Thu (unuaer will be a buty ume far our I ipsTV 11,'J
fanuuei end aulf. Sherry will be acarknf I 2 S § |ii|l
appuinunenu u all faouuu la cone la i " - - 'j
our Main Smci office in June for Iht laai blood «"»->«•»-

Our awnuocuif leaml will collect uaplei tor the final Hoe.
Alia inu lumoer. our focut will be on ine Cleneot and
Mohawk areai. We will reaovc and nplaoe lead mmaminaiiirl
•ul and clean the euaau and oUier paved areai around Haman
Pvk end Glencne Place in Mi. Auburn. Fucnuun and carpel

j^m icbaduled.

CAL£NOAk OF EVENTS:

UJtUadt K«j> and Cirli Club
1620 Canual rWt>»,
721-7600
SuauDtr pn^mmi begin June 10 Uw Aug 16
Munday - Fno»r lOut tSpa
*4tmocrdup (atU 00 per year

JUNE 1 Kiel Feu (Sawyer
JUNK * Leal da/ CloU Public Scheele
JUNE U Flat Day
JUNK U ralfeer'i 0*)
JUNE 21 lat day ef £•••«•
JULY 4 Ia«au4<aci Da/

LEAD ALEBT: MHoMMtCMr*

i

A< Munracr appmactwi, auf children spend
nan une auude. Qulutan an expoaad
u> BUR toufcu U laid ouuutt Blagnni
than ihcy an tkinnt inc winiar ar^vhi
U*a u nfian found on painud aorcAnt,
(cncai. tan«e< and wtndovt. Laad em k* in dun and din
around old bwMinMt and hniian wftara children play. InUnu
and fount cluldfen playinc in Uwat aiaai afiaa pui ikeu
runli. ingri. ilui or »cn fond Ihay «Yof OB me around • ineu
«¥»ulii Thcw ace ine axxe eonuHn *•/• i

•(yanaauci
•waakly der camp* tat children of all apt
•auKhee eerved fr« la chiWnn U yean and unoer

• KID'S ftST
9 SATURDAY, JUNE 1
•p 10 aai u * pm
• Central Ri»rfreM Area

111 ia> lana« anxj* • day event for chUdnsn in inc couniryl

Area Hi|bli|bl<

•Snowhoat to>>^uc-Vi<w The All Aocncan Mcluuuiu'.
•Rner Whof-Eivoy free nvcrboai Mu.
•l"*»^"**i"M* SiaUorik-Joifl the drew or buuncc on e

wun SpUw ine OuuMur.
•Span Cayn Oull«n«e-Play lanrui and kind veU. , twit
•Teen Seane-MaU auuic and abaci IOOK kuupa.
•Wheab o/ rvRuM-KullcrkUai wun ine Cyclune^
•Kide Talk lUku-Jan WCKV ta a MM

ax-MaM ux I»XU

•Our FMMIT af AJuubvlMeamc fnenat wui ioe i
You t« all of Uw and •on. And. •'• Free for dukinui and

UiAO POUOMIMG PUVCNT1ON TIPS:

"P^rfl&Uf 4MJ UlUAll IWCebiU
•Kacp ujn clcvai o/ dMI and duo
•Katp anal whan pan if patiim or cnckm(
ctaan ft; Oaaip nuem| or vaauiauof [daily i/

inu la, aiaaoally bofoee
every meal and erutk

•Teach children not u on dm or paper

li u very laporumi lo have all children between Mat ega uf 1
end 6 yean aoeenad for lead at niular dinu; vuiu, wually
every 6 eunUu. by * blood laev Early teaman will auk* Uei
pruokni eeuer la mai.

SUMMIMT1ME FUN PLACES:
Ove/4he-Kninc CaeuKimy Center
1715 Republic Sueet

•Uanduoda
1 3 - 1 7
11 -S<
U ana ever

(re*
i5 JO (Dac lo tte)
KM (dec lo Dec)
*4.M (Dec u Dec)

and §uU
(fne up u) 17yn)

•cuupmuivc
•Buyi Seoul and Cub Scon clvtt
•aruamloWu
oeeil; luld uip* (planned

•Indumpulu Ouldren'

For »ori ioforauuun call ine Onannau TaUjnf YaUa*
Pa«u and anwr cade 3150. lOdi Fan u produced by .f
Cincumau Eeneenon CamoutiKM and Media ipunaox
I9JUX TV and WCKV Radw Canorau Spon>ari: Whu.
Cauk. HMU*. LaKoui. BH Ri»ermu and Hucn'i

SUMMEK WATEK SAFETY:
Warn waaioer u benl Wun omai, out cluluicii we oui and
aboui pieyint Wh4c an^oyir4 the ouiduur*. we need lo laach
our nkUdno 10 think and praauca wnar ufeiy ruiu. Injunu
an iba laadinc huOin n*k faaaf chddica today However.
•eeai uoftc lalcty ———• could lower ine rua of an ift>ury
or perbapi ouun. Hat an aonat kaac latety ndc> whan your
child fOM iwiauuni or bauunf:

•Never Ua»« a yuinf child alone in inc tub, not ««ui lo act •
towd (cfeiMna can drown in lau loan 2 incbet of waicr yi
aKondi). Beware uf backyard pooU, aukken can wmlcr off

Uy laUia

•TcacH your chiiuren la alwayl twin) wlUi a fnoid. u;«er alune.

lci ouiditn
/ •aOiiy and

•Da OK pun or jump an utter

•Alwiri upuviM cnala»n near waur. r><n
Olacr ink are ai rua when our ovart»nm«i> u
unaeiMUAalc nuw davp Ulc walar u.

uip»)

•Enroll cnudntn orar a«c 3 in iwia clauct. ChoJi wuh your
neitfhooittued noeauoo canuv fur iwun prugudw affercd.
Tne Boyi ami CarU Club located al 1620 Cenual Parkw>y
offert « S3.00 per year individual aicAbcrijup tct wruch
includcj iwuii ^'-- jt Kaep in Bind Uw kteMiu ut> nm nuae
your cAJd "dfown-prouT".
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PROGRAM PROORCM REPORT:
-

In ths psst *ov*ral
our Kit vUll to toll
ttmlllts, our toelMkl*** b»»o
boon bmiy
•uoot «VM

THC TV KMT AND YOUR CHILD
* ••<"•'.,.,..„,•

MM ft* TV

y*«) MtJs)**1 Hi* lr«*os ni» *iBr***lo«
(** MkM fwinoll,

-

Dwtag MM ton* fMra

vtalttng MSI* tesftMo*)
•• 4I« l*s« you *t tbU
collocllug w*t*r ssi»o»*« tut OMryxtog MM
OR tho wMI* U> so*»* boskoo. Wo •!• «M

TV tmm chlM <ntch«>,
MUM •• •nvtfaMMni UMI to Im

Ywi »»y "»m «• «M nil* U»«
tor tt* n«<l«g »lou< •! storybooks or sharing

ly oolna this, you will
o,«l*kly %«• y»«r child'* Insglnstlon snd

oo. Vow will k* kolplno lh*m to
•*«•»»• »* 4ko*r

U IOM UiporUM IMn
l*H»t *» ost •

00 Mill

.AUNOUNCaiENTCI

CroiOv* *•*• ••rtormlM An*

*i«*r-;^;^S&
Atbor 0>y (to Okta)

wH UM school box oHIosFor OMTO In
= «l «M*M1*.
v V" * *4s2'w2£.V--! V:-t* • • • • • • • • • • • • • • •

Kstm'sAttUUr* *«m* Uslor

Srayor
¥, MM** 11

RogtoUMlo*)
Cgg Hwl 1«t-*4*

CMMrvo w* to 1» yr» oM.
WINK rtoko «*o (oefcsyl Prtaosl



T M E OF NURSE OQNNA

Uany ol ua hava haard a pragnanl molhar
aay * I'm aatmg lor Iwo now, ao I'll oat
thia aiua bag ol potato chip* ana) candy
barP u la uua that during pragnancy
tilra calorlaa art raqulrad. Howovtr,
II la in* qutlltr ol ealonaa that count,
not tha quantity. u la ilao truo thai
during prognancy, ono hat to lupply all
Ina nulrlanta lor Iwo. loth tho
aipaclanl moihtr and har baby do naad
mora vitamma and milk Ihon othor
paopia. Howa»tr, ainca the baby U
amall. Iho numbar ol Htro calorlaa
raqulrad to tccompllah Ihla lo only 1M
to 100 calorlaa • day. A haalthy woman
can gal moat ol lha ollamlna and
mlnarala naadad Irom • wall-balancad
dial. Thia Includaa aovord aorvlnga ol
Irulla and oagalablaa; tuch aa trull
julcaa, nalona, orangaa, broccoli and
graana, whola anrlchad gralna; Irom
braadt anal caraala. prolalna; tuch tt
btal, tggt, tnd bttnt, tnd tour M ll»a
gltattt ol milk t dty. N* tingle lo«d
conltlnt ill Irtt nutrltnlt you and your
baby naad. Thortlort, aaluig looda fraxn
all ol lha lootf g'oupa art ImpontnL

Llatad balow ara tomt do'a tnd don'ta
ragaidlng pragnancy tnd nutrition:

YOU DO NEEO

SALT • Sail lood to Uata, unlttt your
doctor Ulla you dllltrtnL

LIQUIDS • Whila pragnanl yaMi Mtd tl
Ittal Us I ounct glaattt • tlty. Thia
could bt wtltr, milk, frail |ul«aa and
toupt.

FATS AND OILS • Al to**! I Ublaapoona
ol lala and «lla In ad«4U*n U tuggtiual
dial.

IRON AND FOLACIN • Y«u truy "ood lo
auppltmanl thaaa nulrltnlt with your
dial. Chtck with your doctor about o
tupplamonl. St aura to Ukt vlUmint
tnd dlalary tupplamant* it y«)ur doctor
tuggttltl

YOU OOMT NEEO

ALCOHOL - Dcn'l t)r1nk. AJCwhwl ctn
ctuto your baby la> bt tmtll tnd ctn
cauao othar problama InclutUng manlal
raiardallon.

DRUGS • D«nt Ukt atratl tlnif*. Soma
druga ctn ctutaj your baby It) k* born
wiui tn addiction or kink t)tl»ctt. Oon'l
takt tny madltlntt tmn tl taplrln
without your dotlort tkty.

CIGARETTES • Smoking can CIUM tmtlltr
babiai tnd amallar . ktbltt trt mart
Ilktly It) h4«t httltti fxtklfmt.

MOM FOOD ITEMS • OMil Ml thlngi likt
clay, laundry alirch tr ktklng Mali. K
you Ital Ilkt tiling thing* Mil trt not
looda, Mil lour doctor.

•JUNK* FOOD • Your baby naada loll ol
prolain. vlttmlni ant) mlnarala, thai ara
nol pro>idtd by many anack looda.

Whtl YOU til cm miki • big didaranca
In uit phyilcal tnd manlal da»alopmant
ol YOUR BABY. II ctn tlto dalarmlna
whaihar you will hivt t normal
pragnancy ind dallvaryl ___ __

MICHAEL T.

YASyEEN f

KJERAN G.

AARON B.

0700 90

10.07 90

10/0490

10.2S.tO

FBQU USA'S KITCHEN

CHRISTMAS WREATHS
RICE KHISPlES

You can da«iaa many holiday Iraaia
uaing lha Ball-known Rica Kntpiaa
bar raclpt. Including lhata mini-
Chrliunaa wraatha.

S cupt Rict Krupiaa
4 cupa mini-marahmallowa (or 1 bag
ol regular marahmallowa)
1/4 cup marganna
grain lood coloring
rod cinnamon candiaa
Itolhplcki

Moll rnargarino in ) quart aaucapan,
add marahmallowa and cook o»ar
low haal. Stir conatantly until
ayrupy. Romova from haal. Add
graan food coloring until muluro
bacomoa a dark graan color. Add
coritl and alir until wall coalad.
With bultartd hand* ahapa muluro
into • "doughnut". Cool. Dacorala
wltti rM candiat.
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HAPPY HOLIDAYS FROM ALL OF US: BO8, SCOTT. LINDA. (ANDY, JOANN. BILL U.. IILL H. W(NKEY, BELINDA. PENST.
JOYCE. RONNIE, NOSE, PAT, JOHN, JIM. SHARON. RANGA. KATE, TRACI. JESSICA. CARLA. TOOO. NORM. RAUONA.
TONIA, TANA. KRIS. KELLYE, DENIS. CHRIS, JASON, JIAN UANC. USA, DONNA. HER!, DENISE AND SHERRY

WE WISH EVERYONE THE BEST DURING THIS HOLIDAY SEASON AND IN 1991 WE APPRECIATE YOUR COOPERATION IN
MAKING THE CINCINNATI SOIL PROJECT A SUCCESS IN 1MO AND WE LOOK FORWARD TO CONTINUED SUCCESS IN mi.

PROGRAM PROGRESS REPORT:

Early In October •• completed the
rameval ind replacement •( lead
conumlneled Mil end the •tanning of the
atreeta. parking loll, end alleye In Ina
araaa around Flndlay Market, Grenl
Park, ind 12lh end 11th etreala near
Reeding Rood. Pert of thai cleanup work
Involved renovation In ••m* •! Uw public
park*. In Orenl Park «ra replaced • lei
•t eroded (•U, end v» 1*14 new eed and
roplecod Ilia erooa under Ihe play
equipment with ohrodded »ark. M Ma
Flndlay playgraunda, we replaced in* aod
and Inatalled new aell play aurlacaa
under the play equipment The final alap
In our cleanup praceaa waa I* clean Ida
airaala, eldewalka, elleya end ether
pa«ad eurfacea In theae eraaa where we
completed lha «ell removal end
replacamanl.

Nev thai we have cemplatae1 the 1»M
•ell removal *nd replacement Mid dual
cleanup, our menltarlnf •lift •III be
raapenalbla ler cellacllng ••U end elreel
dual aamplaa. The purpeaa «f cedaellnfl
lha eamplea la «• (hack lo aM H the leed
»»» rameved and to aee If llie deened
araaa beceiH* racentiminilae' with lead
from elder pana of ina city. tecauM ol
lha need to da Ihla, you will vary likely
aee »ur cuff cellaetlng Uteee eemplea en
daya whan weather permlta Ihreugh lha
and al January. Alter that they will
wark In the leba procaealng the aamplaa
gelling lham ready fer knalyala.

In lha apxlng end aummar el lltl wa
leek lerward le aemplellng lha
abaiamanl end cellaetlng lha final
aamplaa necaaaary te lemelata Me aeil
pre|acl.

THE CINCINNATI SOIL PROJECT
HOLIDAY SCHEDULE

CHRISTMAS EVE -Monday. December 14

CHRISTMAS OAV'Tueaday, December II

NEW YEAR'f) DAT-Tuaioay,

DM. MARTIN LUTHER
KING'S •IRTHDAY-Menday. January 21

CHRISTMAS TRADITIONS:

SANTA CLAUS

Abeut 1M yaar» ago, the Sent* Cleua ••
wa knew him today waa creeled. He la
aherl and plump with red cheeka. Me
dreaaea In red doming wilh while fur
trim end be lre»ela with a teem el
reindeer an4 • alaigh. Thla la Amarice'a
aenulbuUen le tne Santa Claua trediuen.
Up until Ihla lima Ihia eld whiM bearded
•tax wee knew aa SL NichMaa. Ha waa
draaaed In a black robe end rede on •
gray mare, and hie day ol calibration
waa December i.

HOLIDAY SAFETY TIPS

Keep lha baaa el your Chrialmaa
Iraa wal.
Uaa enly UL approved Chrialmaa
Hghla *r eppllancea.
Check Chrialmaa lighla tor frayed
er worn wlrea.
DO NOT leeve your Chrialmaa lighla
e* wnen y«u lee»e ina nouaa.
DO NOT ewertoed eleclncel e*rda «r
•ulleta.
NEVER run wiraa under ruga, behind
redielera, o»ar deorwayi er acreaa
walkweya. _ _

WINTER SAFETY TIPS:

Keep portable haatara away from
curtain* and outer llammafela
malerlela
Sa aura your healer le In good
working condition. AM room
heelere need frequent checkup* and
•tuning. A neglected heeler le e
critical fire heierd.
Avoid uaing electric apace healera in
belhrewma, and do net Isuch one
when you are wet.
Keep young chiMran a»ay trom
epece heelera. eapecielly H they
era wearing a nightgown.
NEVER uaa a gat range or an even to
heal your kiichan.
DO NOT loevo lit even doora open.
Children could burn lham>el>ea en
Ihe doer er healing element.
V windewa are emergency ante in
yew home, train your fem«ly hew
U nee them in caae lira aheuld
elrike. Sea to II that alarm
window a opan and thai lhay era net
Mocked by objacla.

ATTACHMENT A
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PROGRAM PMOOfUM REPORT:

1981 It tht year tor Manor and
anartor otaarvup acttvWat In M
attract and Mohawk areas A« tta
laavai begin «> am In tM tal. wa are In tie procett
at completing our feat deen-up MR*** In Hannah
Park. Information gathered during the Son Project
Cttidy. hopefully, win Ml ut whetter our detnlng
actlvrott ever tie law tvee yean hat tomr blood

•APE!! PlATt MA8.IC

Yog i

non-tonic left-Op pens
teuton

We appreciated your participation In our protect and
vam to tay Thank you'. R wa« terrlflic having
tamlitt trial ar* oommltiad to Improving ohM health
In our Mudy.

It was a pleesure to let everyone •no attended th«
family meeting n«M « Sawyar PoM In AuguM.

IMU* papar. oontvucBon papar. laaOiart, gllaar,
Ml acrapt. ate

Whet to do:
1. Hold ttw pUMa ID your laoa and a*k a parent.

oWar brothar or tldar or feiand to mark «nar»
your ay«* and mouti art.

2. Cut out •» hata* BAara tia mark* ara.

3. Dactda what ottaraclar you want ID ba and
dawgn your ptata ID took ma: way. (a oat. dog.
otown or toary wncri)

OCIUttH
6-12
14
19
24
31

MOTES

CajUMBUSOAY
8WSTESTOAY
UNfTED NATIONS DAY

4. Okie tie a apoon to tit back ot tie ptau to K
can ba used at a handto » hold your matk up
or have • parent make a tmal hole on both
ette* tt your face you made a put a tclng
trough them that w» It over your head to
you do not have to hold * up.

WORD SEARCH
11 VETWAWSDAY
29 T>1AM(SQrVINQ DAY

tttff YOUH OHOST AMD QQBLIMS SAFE

W» al know tha anioyinant our
ItM onai gat trom Hallovaan,
drafting up and going am to
collect tiair tricks and vaatt.

Thto HaUowaan laft kaap tataty
In mind whit prtpartng to land
our cMdran out ID laka part m thit tun.

B* turt tit chlWt oottuma ftt proparty. to
Viat tht youngttar hat no proWam with
walking or moving fiat armt •bout rraaly.

» waahng • mat*, ba aura tM enttd hat
propar aya and noaa opanngt.

N ttw ooMuma raqulrat any daoorallon otnar
than on tht atomng (Wngt to carry) taa
tial kit agrn waigH and tato tar your ohild
to walk vftn.
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THICK an TMAT

4. R your araa't trick or traat umt will ba
dunrtg dutk or dark, a until laanllgnt would
bt hatprU.

6. NEVER aHow your oNW to Trtek or Traat*
ALONE.

«. Talk to your cMUran about tM Importanot al
ttaying with tht group and avoiding
ttrangtrt.

7. Whan your ohUd ratumt homa, go tfiroogh
hnAar rdi or *aai bag and through away
anything which looki to havt baan tampartd
wnh. (Anything tuja it not Individually ttort
wripptdj

Bf lollowing Bi«« Dpi a SAFE tnd FUN Hadowatn can



WHAT YOUR CHILDREN AND TOU SHOULD DO
IN CASE OF FIRE

Th* monrh of Oc*>o*r !• d*«lgn*>*d •> national tr*
§al*ty month Fir* latdnatn cMdran. Ev*n I r*y
know II a dangarout. t<*y ar* amuad by Ktmn

Ta«ch your cMMrwi what to do In a lk»:
1. GET OUT FAST. SECONDS COUNT. Phon*

tar help trom a neighbor1! horn*, rxw kum
IneWe a turning buMng.

S. CMAWL LOW under t* amok*.

3. TEST the door. I I d hot or Aero I* emoka.
UM arMher way out

4. ONCE OUTSIDE, STAY OUT. There I*
nothing mar* important In your home tier you.

IF CLOTHNO CATCHES ON RRE:

Some CMdran lattery believe tut tfwir clothe* wM
pruteot ^em from fire. Show uhtUian, age 3 and
elder, what M do H their etotho* ceich on fir*.

THANKSGIVING. MOW rr STARTEO
W* owetxat* ThanksgMng at a cultural holday and *
rekgnut observance. Abraham Lincoln was th* *rsi
President to litu* a proclamation marking th* last
Thursday «n November our annual Thanksgiving Day.
In 1W1 th* day was orncWfy declared a national
pubic holdey. Th* nriMonal turkey and pumpkm pi*
may have the* beg*! tugs In the ThankagMng Day ot
the eerty American settlers, but th* Idea ot
celebrating the completion of the he/vest and
rendering homage SB the epM* I* an and em euetom
twJ I* eel praeeoed In may foreign lands. Although
aMTw pan o* tnt A^artoatn hoaday nndc many nan
watching tootbal games and many women In the
kitchen preparing toeod. female* are untied at the
dinner able tor tie traditional letttv* meal • a

1. STOP. Punning tant ttt Kamn. making tM
«re bum taster. SHOUT tor help. Donl run
tar help.

2. DROP ID tw floor. Cover your face.

3. ROLL back and tort) ID put out Ramn.

4. COOL a bum w» cool water.

TEACH TOUNQ CHILDREN THAT:

•Maichai and KgMani are tool* tar adurti, not
ley*.
•CMMren who play with matches or lighters
oan be badly burned and can hurt others.
•H they Nnd matches or lighters, tell an adult

RECIPES POM EVERYONE:

EAST PUMPKIN PIE

1
1
Zttp
2
3/4 oup
1/2 lip
1

large «"
oan o(
pumpkin pto eptoo mta (or t> laate)

»mlt
frozen S Inch pat cruet

Thoroughly mli pumpkin. canned mtm, eggs end
pumpkin pt» tptc* together. Add auger and Hit Pour
Into pat cruet. Pi eh eel oven •> 425* and bake tar 15
irem***, reduoe heat » 350* and continue ID Mi* tor
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Family I.D.
Child I.D. _

INFORMED CONSENT STATEMENT
UNIVERSITY OF CINCINNATI MEDICAL CENTER

Soil and Dust Abatement Study

11 INTRODUCTION

Before you agree to participate in this study, it is important that the following
explanation of the proposed procedure be read and understood. It describes the
purpose, benefits, risks and discomforts, and precautions of the study. It also decribes
the right to withdraw from the study at any time. It is important to understand that no
guarantee or assurance can be made as to the results. It is also understood that refusal to
participate in this study will not influence standard treatment for the subject.

PURPOSE OF STUDY

I, —————————————————————, agree to participate in a medical study the
purpose of which is to determine the amount of lead in my blood or that of my child
(children), __________________ Also, my home will be surveyed to
identify possible sources of lead in soil, dust, paint and water. This information will be
used to examine the effectiveness of dust and soil lead removal methods.

PROCEDURES AND RISKS

I have been told that the blood sample obtained will be measured for lead. A small
amount of blood, about one teaspoon, will be drawn in order to permit measurement of
lead and related measurements such as iron. I know that my child may cry for a moment
when his/her finger or arm is pricked to obtain blood for the lead measurement. The risk
of simple venipuncture include: commonly, the occurence of discomfort and/or bruise
at the site of puncture; and less commonly, the formation of a small blood clot or swelling
of the vein and surrounding tissue, and bleeding from the puncture site. If I am a woman
and I am or should become pregnant, there is no risk to me or my fetus by participating in
the study. My blood will be drawn once. My child's blood will be drawn five times at six
month intervals. I have also been told that no risks are associated with the survey of my
residence for lead sources or with procedures used to reduce the amount of lead in soil
and dust around my home. I will be participating in the protocol for approximately 2
years or until I move from my current residence, which ever comes first. If there is a
significant variance from the stated time period, I will be notified.

IV. BENEFITS

Several benefits arise as a result of my participation on this study. First, I will be notified
of the blood lead results. Second, the health department will be notified if high blood
levels are found so that appropriate actions can be taken. Certain environmental
improvements, such as street cleaning and playground improvements may also occur in
my neighborhood.



Family I.D.

V. CONFIDENTIALITY OF RECORDS

All information gathered will be kept private and confidentially and my child's records
will be identified by a code number which will be available only to the study
investigators). This information will not be made available to anyone not connected with
the study without my permission.

VT. AVAILABILITY OF INFORMATION

Any questions that I may have concerning any aspect of this investigation will be
answered by Dr. Scott Clark or an associate at 558-1749

VII. COMPENSATION

The University of Cincinnati Medical Center follows a policy of making all decisions
concerning compensation and medical treatment for injuries occuring during or caused
by participation in biomedical or behavioral research on an individual basis. If I believe I
have been injured as a result of research, I will contact Dr. Scott Clark at 558-1749 or Dr.
John Vester, Chairperson, U.C. Medical Center Institutional Review Board at 558-5259.

VIII. FISCAL RESPONSIBILITY

Funds are not available to cover the costs of any on-going medical care and I remain
responsible for the cost of non-research related care. Tests and studies done soley for
the purpose of research will be paid for from research funds and I should not be billed for
them. Blood sampling will take place at a clinic near my home. I understand that I will
reimbursed $10 for expenses incurred in bringing my child to the clinic. If I have
questions about my medical bill relative to research participation, I may contact Dr.
Scott Clark.

IX. THE RIGHT TO WITHDRAW

I am free to withdraw from this survey at any time. Should I wish to withdraw, I have been
assured that standard therapy for my child's condition will remain available to me. I have
been informed of the probable consequence of my withdrawal from the study.
Withdrawal should be made in writing and a form will be given to me for that purpose.

X. Are you (or your child) currently participating in another study?

QYes
Investigator Title of study

QNo

Consent and witnessing:

Subject: ______________________________ Date:
Caregiver (legal guardian): _____________________ Date:
Investigator: ______________________________ Date:
Witness: _______________________________ Date:

Copies: Investigator's file, and subject or legal guardian.



Release of Medical Information

I authorize The Cincinnati Soil Project to release the following Blood Collection
results: Blood Lead and EP, Hematocrit and Hemoglobin and Iron Studies to the
Women Infant and Children (WIC) office, physicians and health care agencies
involved in our medical care.

The following child/children and myself (Caregiver) shall be covered under this
release:

This authorization will remain in effect until such time as revoked in writing
by me.

Careglver's signature Soil Project signature

DATE DATE



CONSENT TO WITHDRAW FROM STUDY

- DATE: ___________

, wish to withdraw my child,

_ , from the medical study.

I have been informed that at the present time my child's blood lead level is

Normal/Elevated/Unknown*. I have also been told that it is important that I

continue to take my child to a clinic for routine medical check-ups, and to have

his/her blood checked for lead at least every _____ months.

Consent and Witnessing:

___________________________ Date: _____________
Mother/Caregiver

___________________________ Date: ______________
Investigator

___________________________ Date: ______________
Witness

Copy to: Mother/Caregiver
Investigator
Child's Chart

* INASMUCH AS YOUR CHILD'S BLOOD WAS NEVER DRAWN, HIS/HER BLOOD
LEAD LEVEL IS UNKNOWN.
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Abstract

Effective methods to remove lead-containing dust from

household carpets and other floor areas are necessary to reduce

exposure of young children to dust lead from household paint as

well as that entering the home from other sources. Since such

methods were not available in the literature it was necessary to

develop them for use in a Superfund-supported soil and dust lead

abatement demonstration project. Methods were tested on carpets

obtained from homes of children with high blood lead and on new

carpets artificially-contaminated in the laboratory using an ASTM

method. Carpets removed from these homes were not able to be

cleaned effectively in the laboratory by repetitive cleaning with

HEPA filtered vacuum cleaners. The lead concentration in the

removed dust remained about the same from the initial cleaning (1

min/sq.m.) to the final cleaning (total cleaning time of 10

min/sq.m.). The lead loading on the surface of the carpets often

increased during the cleaning process due to the action of the

vacuum cleaner in bringing to the surface lead from deeper in the

carpet. For bare wooden floors over 95% of the total dust removed

by the combination of dry vacuuming (5 min/sq.m.) followed by wet

washing was removed by the dry vacuuming. For linoleum, more than

75% was removed by vacuuming for 5 min/sq.m. However little was

removed in vacuuming after the initial two minutes and about 20%
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was removed in the final wet washing step. HEPA vacuuming of the

new laboratory-contaminated carpets revealed that two of the

commercially-available vacuum cleaners tested were essentially

equivalent and each removed significantly more dust than a third

vacuum cleaner during a cleaning process of a total duration of 10

min/sq.m. Cleaning for 6 min/sq.m. was necessary to remove more

than 70% of the embedded dust by the two more efficient vacuum

cleaners. Cleaning efficiencies were about the same for short

pile and sculptured carpets.

Based on this research and recent reports from others

developing similar methods, 1t was concluded that in many

situations it was more practical to replace the carpets rather

than to perform costly and only partially-effective cleaning

procedures. HEPA-vacuuming cleaning of carpets was shown to

increase lead-dust on the surface under some conditions.



The reduction of young children's lead exposure is -one of the

nation's most important environmental health goals. Many

investigators have concluded that lead-contaminated house dust is

a critical link in the exposure pathway, resulting in elevated

blood lead of young children. The lead contaminants in dust are

primarily derived from lead-based paints which were former widely

used on both the interior and exterior of housing. Lead dusts can

also enter housing from areas outside the home with lead-

contaminated dust and/or soil, as well as through lead-containing

dust carried home from the workplace. A typical exposure scenario

involves lead in exterior dust, from soil and paint, contributing

to lead in interior floor dust, which is then picked up on the

hands of children, where it is subsequently ingested resulting in

elevated blood lead. The childhood lead exposure pathway model

that has been developed for Cincinnati and other areas is

summarized in Figure I11'81 suggest that residential lead abatement

activities should include the cleaning of locations in the house

where lead-contaminated dusts are present, such as carpets and

other floor areas.

Because of the known relationships between interior dust

lead and blood lead, interior dust abatement was included in the

exposure reduction strategies of the Cincinnati Soil Lead

Abatement Demonstration Project. This project was one of three



carried out under a provision in the Superfund Amendments and

Reauthorization Act (1986) which called for a "... pilot program

for removal, decontamination, or other action with respect to

lead-contaminated soil in one to three different metropolitan

areas". Interior dust abatement is also an important

consideration as an essential component of lead-based paint

reduction strategies. The U.S. Department of Housing and Urban

Development (HUD) has acknowledged the importance of lead-dust in

its Interim Guidelines for Lead-Based Paint Abatement171 and has

recommended the removal of furnishings, including wall-to-wall

carpeting, prior to abatement. Recommendations for the cleaning

of furnishings such as carpets and furniture prior to their being

returned to the abated dwelling unit are not yet included in HUD

guidelines. These items may well have been contaminated prior to

the lead-based paint abatement process, and therefore placing them

back in the housing will only reintroduce an exposure source to
the otherwise cleaned housing.

A search of the literature revealed only a single paper

systematically documenting efforts to remove lead-dust

contamination from carpets.181 Milar and Mushak'81 concluded that a

two-part steam cleaning, initially using a sodium

hexametaphosphate commercial cleaning product, followed 24 hours

later by steam cleaning using a commercial detergent, removed



about 60% of the lead-dust expressed as a surface loading basis

and reduced the lead concentration by 30 to 50%.

In a previous publication we reported results of a

preliminary evaluation of Milar and Mushak's181 procedures, with

the additional step of dry-vacuuming with a HEPA-equipped vacuum

cleaner. The test was carried out in several homes contaminated

by worker take-home of lead-contaminated foundry dust.191 Although

these vacuum and shampooing procedures can remove some of the

lead-containing dust from carpets, it is important to know whether

these methods reduce the amount of lead dust at the surface (mg

Pb/sq.m.) where it is most available to children. (Normal

vacuuming will tend to redeposit below surface dust through

bringing it to the surface from deeper in the carpet and through

non-filtration through vacuum cleaner bags of high porosity.)

These methods were found to either have only limited impact on, or

even increase surface loading as determined by an exposure-related

sampling method developed by Que Hee e_t il. Repetitive dry

vacuuming was also previously evaluated on three carpets in a

routinely-cleaned suburban home where exterior paint sanding had

occurred sixteen months earlier.19' In this latter case surface

dust on an area or loading basis (^g Pb/sq.m.) decreased with

vacuuming by between 64 and 94%. These experiences suggested that

cleaning "chronically-contaminated" carpets (those which received



lead dust over an extended period of time, could actually increase

the likelihood of lead exposure, whereas cleaning of "acutely-

contaminated" (i.e., from a single episode) carpets may be

effective in reducing exposure. Based on preliminary work, it was

concluded that additional development of surface dust abatement

methods was needed, particularly for heavily-contaminated carpets.

There was also a need to determine the efficacy of the variety of

HEPA vacuum cleaners available, the length of cleaning time

necessary to significantly reduce lead loading, and the

variability in the effectiveness of cleaning among different

workers.

METHODS

Two dust collection methods were used to measure the

effectiveness of cleaning. The first used the contents of the HEPA

vacuum cleaner paper bag as a measure of the total amount of

removed dust and lead. The second was a surface dust vacuum

method previously developed by Que Hee et aj..1101 and which has

been shown to produce results which correlate with exposure as

measured by blood lead.11'81 The usefulness of the vacuum cleaner

as a sampler depends, in part, on whether the vacuum cleaner

removes a satisfactorily large proportion of the available dust.



The method of Que Hee et al.1101 utilizes a light-weight, battery-

operated personal air sampling pump (2 liters per minute) to

collect dust in a filter holder while sampling over a known area.

This method, known as the "dust vacuum method", was not designed

to determine the total dust lead on a surface, or within a carpet

but it was intended to collect the dust most readily available to

a young child.

Two sources of contaminated carpets were used: (1)

contaminated carpets removed from homes of children with high

blood lead; and (2) new carpets with artificial dust embedded in

them a laboratory setting. The variations in effectiveness of

different available vacuum cleaners and operators on different

carpet types were examined in the new carpets contaminated in the

laboratory. The effectiveness of methods for cleaning linoleum and

unpainted wood floors with different surface types was also

evaluated. Data were analyzed using the Statistical Analysis

System.1111

Laboratory Cleaning of Contaminated Carpets

Thirteen existing carpets from inner-city homes, several

where children had been lead poisoned, were removed and replaced
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with new carpets and brought to the laboratory for testing. Ten

cleaning "efforts", each defined as cleaning with a HEPA filter

equipped vacuum cleaner at a rate of one minute/square meter, were

performed on one square meter areas of each carpet. Thus, each

carpet was cleaned for a total of ten (10) minutes per square

meter. The extent of cleaning was chosen to be length of time of

cleaning and the unit rate of cleaning was chosen to be one minute

per square meter of carpet. This rate was also convenient for

manipulating the nozzle in a systematic way. The pattern used was

three up/back passes with the nozzle over the area. The size of

the "beater bar" nozzle was sufficient to just allow coverage,

within one minute, of a one square meter area in these three

passes with very little overlap. This complete coverage of a

square meter in three up/back passes at a rate of 1 minute/square

meter is called "one cleaning effort". Preliminary studies

confirmed reports from industry sources1131, that a nozzle with a

rotary "beater bar" driven by an independent motor was more

effective than a nozzle without a "beater bar". A readily-

available commercial beater bar nozzle (Sears Kenmore) was used

for the cleaning. The weight and content of the vacuum cleaner

dust bag were obtained after successive cleaning efforts. Surface

dust measurements were collected using the method of Que Hee et

al.'101 at two pre-determined locations on each of the carpets



before cleaning commenced, and after the first, third and tenth

cleaning efforts were completed.

Equipment. Operator. Loading and Carpet Variability

In-laboratory cleaning of new carpets with artificially

embedded dust using a modified version of ASTH procedure F 608-

86I12) was used to determine the effects on cleaning performances

of equipment, loading, carpet type and operator. This ASTM

procedure specifies the method of imbedding a test dust mixture

into the new carpet prior to their being subjected to the

vacuuming protocol. The experimental design included three HEPA

vacuum cleaners, two carpet types (sculptured and short pile), two

dust loadings (100 and 400 g/sq.m.) and two operators.

The test dust mixture was made up of 100 g and 400 g

allotments and consisted of a sand and talc mixture in a 8:1

ratio. The talc was a USP Grade Supreme Talc purchased from a

local supplier. Ninety-five percent of the Keener sand used was

retained in the 210-299 /ym size fraction. The two components of

the test dust mixture were weighed and mixed individually before

each test.

A one square meter surface area in the center of each carpet

served as the test area. The carpets were preconditioned as

10



specified in the ASTM procedure by adding test dust to their

surface and removing it by vacuuming until <2 g of material was

removed in a cleaning effort. Repeated trials of each carpet type

were conducted on the same square of carpet. For each test, the

carpet was affixed to a piece of plywood. The appropriate amount

of dust was spread onto the delineated area and was embedded into

it by dragging an embedment tool (as described in the ASTM

procedure)1121 over it for 30 strokes, alternating directions

forward and back.

Three commercially-available vacuum cleaners were used (see

Table 1 for details). Each of these was intended for industrial

use and had three levels of filtration. The initial filtration

level was similar to a home vacuum cleaner in that a removable

paper bag catches most of the dust. The second level of

filtration consisted of a more permanent cloth filter. This

filtration level does accumulate dust over a period of time but

was not found to need changing over the period of these trials.

The third layer of filtration was a HEPA filter which removed the

remaining fine material and also did require changing during the

study.

A readily-available commercial (Sears Kenmore) "beater bar"

nozzle was substituted for the nozzles provided with the three

types of vacuum cleaners. Preliminary studies led to the

11



Table 1

Vacuum Cleaners Tested

Cleaner Model

Cubic Feet

Per Minute

Water Lift,

Inches

Nilfisk GS80 87 75

WAR 767 100 90

Euroclean UZ930 77 85

conclusion that the "long" pile setting for the nozzle always gave

the best cleaning regardless of the actual pile length. This

setting was the only one used in these experiments.

The Cleaning Effort

Ten cleaning efforts were performed in each trial. Two

experienced operators of the vacuum cleaners were used. The

number of different types of carpets, vacuum cleaners, dust

amounts, and operators made it impractical to perform cleaning

trials for each possible combination of these factors.

12



Consequently, a randomized, incomplete block design was used.

Randomization of both treatment combinations to blocks and the

ordering of the treatment combinations was performed. The 24

treatment combinations were randomized to 3 blocks of 8 treatment

combinations each. Two of these three blocks were randomly

selected to be performed in the experiments.

Analysi s

The dependent variable in these experiments was the amount

of the test dust collected in the vacuum cleaner bags after 1, 2,

3, 4, 5, 6, 7-8, and 9-10 cleaning efforts.

Statistical analysis was performed by the General Linear

Model (GLM) procedure of Statistical Analysis System.1111

Bare Floors

In order to test the effectiveness of proposed bare floor

cleaning procedures, homes with high levels of lead in the dust

were needed. Such homes were located through another research

project studying lead's neurobehavioral effects on young

children.(1> A list of homes meeting the following criteria was

compiled:

13



(1) High lead concentrations in the interior dust;

(2) Either carpet, vinyl, or wood flooring or a

combination of those flooring types.

Permission from study participants was obtained to test cleaning

methods on different wood and vinyl floors.

The questions to be answered in these homes were:

(1) In order to reduce dust lead to an acceptable level

with a HEPA-equipped vacuum cleaner, what rate of

speed should the operator use and how many times

should the floor be vacuumed?

(2) Does wet washing after the final vacuum cleaning

remove additional lead?

The testing procedure was as follows:

(1) Three separate squares, each one meter by one meter,

were delineated on the surface of the floor type being

tested.

14



(2) A bag for a HEPA-equipped vacuum cleaner (Nilfisk)

was tare-weighed and installed.

(3) The three squares were then vacuumed with the vacuum

cleaner at the rate of one minute for each square

meter.

(4) The vacuum bag was removed and weighed after each

cleaning.

(5) The process was repeated until the three squares were

cleaned a total of five times.

(6) Each of the squares was then washed with 1,500 ml of

tap water from the residence. The washing was

performed with a new sponge by a researcher wearing

rubber gloves. An aliquot of 500 ml was taken from

each of the wash buckets. A 500 ml sample of clean

water from a wash bucket was also collected to provide

data on background lead levels in the tap water.

All the dust samples and water samples were analyzed for lead

concentration in a laboratory that was participating in a

proficiency program established for environmental lead samples by

15



ERA through its Environmental Monitoring and Support Laboratory

(Las Vegas). The samples collected by the dust vacuum method were

digested using hot nitric acid and analyzed by a flame AA method

with a detection limit of 0.1 fjg lead. Dust samples collected in

vacuum cleaner bags were sieved at 250 ^m and analyzed by XRF

(detection limit 20 ppm). Water samples were analyzed by graphite

furnace AA (detection limit 1 ppb).

RESULTS

Laboratory Cleaning of Contaminated Carpets Collected from

Homes of Inner-City Children

The amounts of lead removed (mg/sq.m.) by the HEPA vacuum

cleaners at each measurement interval are presented in Table 2.

The cumulative percentages removed, based on the total amount

removed after ten cleanings, which was assigned a value of 100%,

are also shown. The amount of lead removed by ten cleaning

efforts averaged 278.7 mg/sq.m. with a range of 8.6 to 1107.3.

Four cleaning efforts resulted in an average cumulative percentage

removal of 74% of the total amount removed with a range of 61-89%.

Lead concentrations of the material removed from the HEPA vacuum

cleaner bags were significantly different between carpets (p

<0.05) (Figure 2) ranging from 192 to 3226 ;/g/g but did not vary

16



significantly from first to last cleaning efforts for individual

carpets. Thus, the HEPA vacuum cleaner did not appear to

preferentially remove dust with either high or low lead

concentration.

A comparison of the initial surface dust lead loading by the

method of Que Hee et al.'101 with the total amount of lead removed

by 10 minutes/sq.m. cleaning with a HEPA vacuum cleaner revealed

that the surface dust lead loading was an average of 1.4% of the

total dust lead removed by extensive vacuum cleaning (range 0.12

to 3.3) (Table 3).

Surface dust lead levels (expressed as mg Pb/sq.m.), were

also determined before cleaning and after the first, third and

tenth cleaning efforts. The ratio of the surface dust lead levels

after the first, third or tenth cleaning efforts, to the surface

dust lead levels before the initial cleaning (Table 4) revealed

that surface loadings, on average, decreased with cleaning.

However, in several instances, surface loading increased by up to

almost four-fold. These data reveal that vacuum cleaning if not
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Table 2

Lead (mg/sq.m.) and Cumulative Percentage1 Removed by Successive HEPA

Vacuum Cleaning Efforts6 of One Minute Per Square Meter on Carpets

Removed from Homes of Children with High Blood Lead

1st Effort

Carpetb

A

B

C

E

F

H

I

mq/ (Cumu.

m2

10

159

294

70.

32

18

2

.5

.6

.9

2

.7

.9

.2

%)

(59)

(63)

(27)

(24)

(45)

(27)

(26)

2nd Effort

mg/
m2

2.6

36.1

244.4

42.2

9.8

7.8

1.7

(Cumu.

%)

(74)

(78)

(49)

(39)

(59)

(36)

(45)

3rd Effort

mg/

m2

1.0

18.6

134.9

36.8

6.1

7.6

0.8

(Cumu.

%)

(79)

(85)

(61)

(51)

(68)

(48)

(55)

4th

mg/

m2

0.9

9.5

90.4

28.6

4.2

8.8

0.8

Effort

(Cumu.

'/•)

(84)

(89)

(69)

(61)

(73)

(61)

(64)

5-10th Effort

mg/

m2

2.8

28.9

342.7

113.6

19.3

27.7

3.1

(Cumu.

%)

(100)

(100)

(100)

(100)

(100)

(100)

(100)
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Table 2 (continued)

1st Effort 2nd Effort 3rd Effort 4th Effort 5-10th Effort

Carpetb mg/ (Cumu. mg/ (Cumu. mg/ (Cumu. mg/ (Cumu. mg/ (Cumu.

m2 %) m2 %) m2 %) m2 %) m2 %)

J 353.4 (60) 51.2 (68) 45.1 (76) 35.8 (84) 95.1 (100)

K 19.8 (48) 6.3 (64) 2.5 (70) 4.2 (80) 8.3 (100)

Averages 106.9 (42) 44.7 (57) 28.2 (66) 20.4 (74) 71.3 (100)

"Based on total amount removed in ten cleaning efforts assigned a value of 100%.
blnsufficient data available to include carpets D, G, K and L.
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Table 3

Comparison of Surface Dust Lead Loading with Total Lead Removed

by Vacuum Cleaning for Ten Minutes Per Sq Meter of Carpet"

(10 Cleaning Efforts)

Carpet

A

B

C

E

F

H

I

J

L

Average

Initial Surface

Dust Lead

Loading

mg/sq.m.

0.591

5.65

2.34

4.47

0.186

0.774

0.301

3.87

0.114

2.03

Total Lead Removed

by HEPA Vacuum

mg/sq.m.

17.8

252.7

1107.3

291.4

72.1

70.8

8.6

589.6

97.8

278.7

Initial Surface

Lead as a Percent to

Total Lead Removed

3.3

2.2

0.2

1.5

0.26

1.1

3.5

0.06

0.12

1.4

'Carpets tested were from homes of children with high blood lead.
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conducted for a sufficient time, has the potential for increasing

childhood exposure. In none of the carpets tested was the surface

dust lead loading after ten cleaning efforts as high as it was

prior to cleaning.

Table 4

Ratio of Surface Dust Lead Loading (mg Pb/sq.m.) After Specified

Number of Cleanings as a Fraction of the Initial Pre-Cleaning

Surface Dust Lead Loading"

Average

Range

% > 1.00

After

First

Cleaning

0.55

(0.11-1.72)

14

After

Third

Cleaninq

0.47

(0.06-3.93)

5

After

Tenth

Cleaninq

0.20

(0.06-0.61)

0

"Carpets tested were from homes of children with high blood lead.

Variations in Cleaning Performance of Vacuum Cleaners. Carpet

Types. Dust Loadings and Operators

A statistical analysis of the effects of vacuum cleaner

type, laboratory-embedded dust amount, and changes in amount of

dust collected during successive cleanup and interaction, is

presented in Table 5. Statistically significant differences were
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Table 5

Final Model - ANOVA of Amounts Synthetic Dust

Recovered in Repeated Vacuuming of Carpets

Source df F-Value PR>F

Between Sub.iect Effects

Vacuum Cleaner 2 15.11*** 0.0005

Dust Amount 1 20.32*** 0.0007

Within Sub.iect Effects

Repeated Dust Weight 7 268.72*** 0.0001

Repeated Dust Weight-

Vacuum Cleaner 14 2.30** 0.0101

Repeated Dust Weight-

Dust Amount 7 2.50** 0.0222

"Significant at a - 0.05 level

***Significant at a - 0.01 level_____________________
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observed between vacuum cleaners, amounts of embedded dust and in

amounts of dust collected during successive cleaning efforts.

The results of the cleaning of new carpets containing

laboratory-embedded dust are presented in Table 6 (a-c) as the

mean proportion of the embedded dust removed by the ten cleaning

efforts for each of the three different vacuum cleaners, two

carpet types and two dust amounts used. Two of the three vacuum

cleaners (A and B) removed a statistically higher proportion of

the dust than the third (C). Contrasting the performance of the

vacuum cleaners (Table 6a), indicated no statistically significant

differences between the amounts of dust removed by vacuum cleaners

A and B. Results for vacuum cleaners A and B were different from

those for cleaner C for all cleaning effort (Figure 3). None of

the cleaners removed an average of more than about one-fourth of

the embedded material with the first cleaning effort (one minute

per square meter of cleaning). Three cleaning efforts (three

minutes per sq.m.) were required to remove one-half of the dust

for two of the cleaners (A and B) while twice as long (6

min/sq.m.) was required for the third vacuum cleaner (C).

Vacuum cleaner C did not do as well as either A or B

beginning with the first cleaning efforts (Table 6a). Although

somewhat more dust was removed during the first five cleaning

efforts for short pile carpets than for sculptured carpets,

slightly more was removed during later cleaning efforts from

sculptured carpets (Table 6b). These small differences in dust

removal between the carpet types were statistically significant

only for the first cleaning effort. A larger proportion of dust
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Table 6

Proportion of Total Test Dust Removed After Specified Number

of Cleaning Efforts by Vacuum Cleaner (Table 6a),

Carpet Type (Table 6b) and Dust Amount (Table 6c)

(a) Vacuum Cleaner Comparisons

Cleaning

Efforts

1

2

3

4

5

6

8

10

Least Square Means

Vac A

0.260

0.455

0.553

0.620

0.671

0.709

0.769

0.811

Vac B

0.268

0.439

0.557

0.642

0.701

0.755

0.825

0.875

Vac C

0.142

0.232

0.309

0.371

0.429

0.481

0.573

0.645

Probability of Difference

Among Vacuum Cleaners

AC BC AB

0.0078 0.0072 0.834

0.0074 0.0150 0.8209

0.0024 0.0031 0.9583

0.0007 0.0006 0.6947

0.0004 0.0002 0.5674

0.0004 0.0001 0.3454

0.0006 0.0001 0.2116

0.0012 0.0001 0.1304
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Table 6b

Carpet Type Comparisons

Cleaning

Efforts

1

2

3

4

5

6

7-8

9-10

Least Square Means

Sculptured

0.192

0.329

0.443

0.529

0.598

0.657

0.740

0.801

Short-pile

0.256

0.422

0.503

0.560

0.602

0.640

0.704

0.753

Probability of

Difference Between

Carpet Types

0.0306

0.1085

0.2822

0.5316

0.9304

0.6876

0.3348

0.1440
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Table 6c

Dust Loading Comparisons

Cleaning

Efforts

1

2

3

4

5

6

7-8

9-10

Least Square Means

100 G/m2

0.294

0.478

0.578

0.644

0.690

0.731

0.791

0.834

400 G/m2

0.153

0.273

0.368

0.445

0.511

0.565

0.653

0.720

Probability of

Difference Between

Dust Amounts

0.0006

0.0039

0.0019

0.0010

0.0010

0.0012

0.0022

0.0047
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was removed when the 100 gram amounts were applied (Table 6c) and

the differences between cleaning efficiency for the two amounts

were statistically significant. (The dust amounts applied were in

the range of those removed from contaminated carpets as shown

elsewhere in this paper.)

There was no significant difference in dust removal between

the two operators tested.

The fraction of dust removed was lower when the quantity

embedded in the laboratory was higher (Table 6c). This difference

was statistically significant.

Bare Floor Cleaning

Two rooms with unpainted wood floors and two with linoleum-

covered floors were test cleaned with the HEPA vacuum cleaner and

wet washing procedure described earlier. Results of the cleaning

efforts show that for wood floors, a total of about 95% of the

dust removed was removed by five vacuum cleaning efforts and the

follow-up washing yielded only 2-5% of the total dust collected by

both methods (Table 7). Results for the linoleum floors were

markedly different with the vacuuming effects. After the second

minute, these vacuum cleaning efforts were relatively

unproductive, with 19-22% of the dust remaining and being removed

by the wet washing. About one-fifth of the total dust collected

on linoleum was not amenable to removal by the vacuum cleaner

method.
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DISCUSSION

There are few reports in the literature on the efficiencies

of methods of cleaning carpets and bare floors. In a pilot study

of methods to remove lead dust from homes near a secondary lead

smelter in Toronto, Canada, a pilot testing of vacuuming of carpet

and floors followed by wet shampooing was carried out in eight

houses.'141 An average of 5.2 times as much lead was removed by

the vacuum procedures (about 1 min/sq.m) than by the wet method.

The average quantity of lead removed from all areas of the houses,

including heating ducts and basement ceilings, was 8.1 grams of

lead per house.

Kominsky et al.1151 found that for new carpets, embedded in

the laboratory with asbestos fibers, use of HEPA filtered dry

vacuum cleaners at 1.4 min/sq.m was ineffective in removing the

asbestos fibers. HEPA-filtered hot water extractions operated for

about 1.4 min/sq.m. reduced the level of asbestos contamination in

the carpet by approximately 70%.

A pilot study of the efficiency of HEPA vacuuming and

shampooing of carpets and upholstered furniture from homes near a

lead smelter in Bunker Hill, Idaho was conducted.1181 The cleaning

protocol involved an initial vacuuming
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Table 7

Percentage of Dust Removed From Floors by HEPA Vacuum

Cleaning and Follow-up Washing With Tap-Water"

(Vacuum Cleaning Efforts)

Type Surface 1st 2nd 3rd 4th 5th Follow-

up

Washing

Bare Wood

Bare Wood

Bare Wood

Bare Wood

Linoleum

Linoleum

Linoleum

62

60

53

14

69

69

67

13

12

18

35

12

7

11

5

9

14

16

0

5

0

J

9

4

21

0

0

0

9

5

6

12

--

--

3

5

4

2

19

19

22

"One cleaning effort - one minute per square meter of floor.

--Fifth cleaning effort not completed because prior cleaning did

not yield a detectable amount of dust.
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followed by five consecutive shampooings and a final vacuuming.

The total amount of lead in the carpet and furniture was

determined following laboratory digestion and analysis of measured

portions of those items. Samples were analyzed by graphite

furnace atomic absorption. A summary of the results of this study

(Table 8) indicates that the cleaning efforts for the carpets were

able to remove an average of less than 8% of the lead in the

carpet. For furniture with only three shampooings and no final

vacuuming, an average of 18% of the lead was removed.

An extrapolation for the first carpet in Table 8 revealed

that 74 additional shampooings would be needed to remove all of

the lead. The total lead loading (mg/m2) in the carpet in the

homes near the smelter (average 1068, range 185-3044) was somewhat

higher than the amount removed during the current study (average

418, range 8.6-1107) with some overlap.

CONCLUSIONS

Carpets removed from poorly-maintained houses containing

lead-based paint sources were not able to be cleaned effectively

in the laboratory by repetitive cleaning with HEPA-filtered vacuum

cleaners. The 1 ?ad concentration in the removed dust did not

change significantly from the initial cleaning (1 min/sq.m.) to

the final cleaning (total cleaning time of 10 min/sq.m.).
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Table 8

Amount of Lead Removed by Vacuuming" and Shampooing of Carpets and Upholstered

Furniture from Homes Near a Lead Smelter1191

Total Lead

mg mg/m2

Item

Carpet

Carpet

Carpet

Carpet

Carpet

Carpet

Average

2 , 2 4 6

46,768

5,419

51,463

4 ,093

4,083

1,901

127

2455

185

3044

231

366

1068

mg

100

67

191

104

373

339

196

Lead Removed Lead Removed

in First

Vacuuming

«
(4.45)

(0.14)

(3.52)

(0.20)

(9.11)

(8.30)

(4 .29 )

in Five

Shampooingsb

mg

185

797

168
fc

320

163

77

285

"

(8.23)

(1.70)

(3.10)

(0.62)

(3.98)

(1.89)

(3 .25)

Lead Removed

in F ina l

Total Lead

Removed

Vacuuming*1

mg

19

117

22

14

9

9

32

*

(0.85)

(0 .25)

(0.41)

(0.03)

(0 .22)

( 0 . 2 2 )

( 0 . 3 3 )

mg

304

981

381

438

545

425

512

(13

(2.

(7.

(0.

(13

(10

(7.

«

.6)

1)

0)

9)

- 3 )

• 4 )

9)
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Table 8 (continued)

Item

Total Lead Lead Removed

mg mg/m2 in First

Vacuuminq

mg %

Lead Removed Lead Removed Total Lead

in Five in Final Removed

Shampooinqsb Vacuuming**

mg % mg % mg

Chair 1,094 464 124 (11.3)

Chair 213 125 48.4 (22.7)

Couch 208 29 65.4 (31.4)

Chair 311 95 20.0 (6.4)

9.9 (0.90)

7.6 (3.57)

14.7 (7.07)

7.4 (2.38)

134 (12.2)

56.0 (26.3)

80.1 (38.5)

27.4 (8.8)
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Table 8 (continued)

Total Lead

Item mg %

Chair 112 52

Chair 57 19

Average 353 131

Lead Removed

in First

Vacuuming

mg %

0 (0)

9.2 (16.1)

44.5 (14.6)

Lead Removed Lead Removed Total Lead

in Five in Final Removed

Shampooingsb Vacuuming**

mg % mg % mg %

5.3 (4.73) — 5.3 (4.7)

2.0 (3.51) — 11.2 (19.6)

7.8 (3.69) 52.3 (18.4)

'At a rate of about 1.8 minutes per m2.

"Three shampooings and no final vacuuming for furniture.
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For wooden floors, over 957. of the total dust removed by the combination

of dry vacuuming (5 min/sq.m.) followed by wet washing was removed by the dry

vacuuming 49-75% was removed after vacuuming for 2 min/sq.m. and 65%-85% was

removed after 3 min/sq.m. For linoleum, more than 75% was removed by vacuuming

for 2 min/sq.m. However, little was removed in subsequent vacuuming and 20%

was removed in the final wet washing step.

HEPA vacuuming of new carpets embedded with a test dust in the laboratory

according to an ASTM procedure was used to determine the differences in

cleaning efficiency between three commercial vacuum cleaners and two carpet

types. Two of the vacuum cleaners were essentially equivalent and each removed

significantly more dust than a third vacuum cleaner when used for between 4

min/sq.m. and 10 min/sq.m. Cleaning for 6 min/sq.m. was necessary to remove

more than 70% of the embedded dust by the two more efficient vacuum cleaners;

the third vacuum cleaning effort only removed 50% after this amount of

cleaning. Cleaning efficiencies were about the same for short pile and

sculptured carpets.

Cleaning by HEPA vacuuming and/or shampooing does not appear to be

effective for carpets "chronically contaminated" in homes containing lead dust.

For carpets with recent contamination, HEPA vacuuming for at least 6 min/sq.m.

was necessary to remove over 70% of the laboratory-embedded dust. Not all

commercially-available HEPA vacuum cleaners tested with laboratory-embedded

dust appeared to remove equivalent amounts of the dust.
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APPENDIX G

Training Manual for Paint and Water Sampling



ENVIRONMENTAL MONITORING

TRAINING MANUAL FOR PAINT AND WATER SAMPLING

Section 1

What is paint and water sampling?

Water sampling is the collection and analysis of water samples from the subject residences in
the Soil Project study areas. This sampling and analysis is done to determine the amount of lead
in the water.

Paint sampling is the non-destructive analysis of painted surfaces on the interior and exterior
of the subject residences in the Soil Project study areas. This analysis will give us an
indication of the lead content of the paint on those surfaces.

Section 2

Why do we care about lead in paint and lead in water?

The major purpose of the research study is to determine the effect of the abatement of interior
-dust, exterior dust and lead contaminated soil on the blood leads of children under five years of
-age. In order to make an assessment of the actual impact-of the various abatement strategies it
is necessary to know the total exposure to other sources of lead in the subject child's
environment. Lead in drinking water and lead in paint are potential immediate sources of
exposure to the subject children.

--Lead can contaminate drinking water in several ways. The water source can be contaminated. In
this case the potential exposure would be uniform across all of the study areas because the water
originates from the same pumping station and distribution system. Drinking and cooking water
can also be contaminated with lead as a result of the presence of either lead pipe, copper pipe
with soldered joints containing lead, or excessive lead in the faucet structures. The amount of
lead dissolved from the sources in the plumbing system increases as the acidity of the water
increases.

Lead content in paint within a residence has been identified as an immediate
-source of exposure to children, especially very young children.

Paint may either flake or chip off of wall surfaces and woodwork surfaces or it may come off in
the form of fine dust from the operation of windows and any abrasion of painted surfaces.
Knowledge of the lead concentration in these interior and exterior painted surfaces may assist in
the explanation of blood lead concentrations in children living in the environment plus it may
assist in the explanation of the rates of re-contamination of abated apartments and residential
areas.



Section 3

When will paint and water sampling occur?

Paint and water sampling will occur two times during the course of the Soil Lead Abatement
Demonstration Project. The first such sampling will occur in the early spring of 1990. This
will be Phase 04 of the sampling phases. The second paint and water sampling will occur
approximately one year after the initial sampling. That will be the spring of 1991; Phase 08 of
the environmental monitoring.

Section 4

Who will perform the environmental paint and water sampling?

It is expected that the environmental monitors, who have collected the soil exterior dust,
interior dust, dust fall, and handwipes will perform the paint and water sample collection. As
in other interior environmental sampling, teams consisting of two individuals will visit the
subject residences. Present plans call for two teams of two monitors to complete the work.

Section 5

Scheduling of paint and water monitoring.

Scheduling of the initial paint and water monitoring visit will be performed by the Subject
Matters staff of the Cincinnati Soil Project. Initially the Data Management section will provide
a current up to date list of subject families along with addresses and telephone numbers.
Subject Matters staff will then start the scheduling of appointments probably using those
families with telephones for the initial appointments. Once the families with phones or phone
contacts are exhausted then the Subject Matters staff will be make home visits to do the
scheduling.

After the scheduling of the initial visit, a work sheet for lead paint screening and water
sampling will be filled out and forwarded to the abatement staff. The abatement staff will be
responsible for owner contact. As with other environmental sampling, the resident's
permission is adequate to perform the interior monitoring of the residences. Sampling in
common areas and the exterior of buildings requires permission of the owner of the building. As
long as the subject families agree, we can perform the paint and water sampling on the interior
of the units. The exterior paint sampling will require permission from the owner.

Once the abatement staff receives the work sheets they will make an assessment of the presence
or absence of paint on the exterior of the building. If there is paint present then the abatement
staff person will contact the owner and ask permission to do the required sampling. The
abatement staff person will complete two questions on the lead paint screening work sheet. Those
two questions are: owner permission; yes or no and owner contacted by. Owner permission
question is answered by circling either the "n" or the "y". The "owner contacted by section" is
completed by entering the initials of the abatement staff person making the contact. When the
abatement staff completes this information, the work sheets for lead paint screening and water
sample collection are forwarded to the environmental monitoring teams who will then use these



sheets for the collection of data in the field.

In the case of "no shows", the environmental monitoring team or teams will have the
responsibility of doing their own rescheduling. This will be accomplished by either using the
telephone to contact the family or by stopping in occasionally to see if the family is at home. It
is expected that rescheduling will be less of a problem in Phase 04 because the children do not
necessarily have to be home in order to accomplish this phase of sample collection. In fact, it
would be easier if the children were not at home.

Two water samples are required in this phase of environmental monitoring. One water sample
is collected at the time of the environmental visit by the environmental monitoring team. The
second water sample is to be collected by the family at the beginning of the following day. One
scheduling slot will be alloted to revisiting families to collect the second water sample. The
same environmental monitoring team does not have to collect the second sample. It will be
likely be more efficiently accomplished by whichever team happens to be in a particular
neighborhood on a given day.

Section 6

The Environmental Visit

The Environmental Visit will begin with the environmental monitoring team greeting the family
and explaining briefly the purpose of collecting the paint and water samples. An explanation of
what will occur is also appropriate at this time. The key points to be covered in this initial
explanation are : why we want to collect the sample. How the samples are collected. And most
importantly, what the potential benefits are to the family. Potential benefits include the
knowledge of both paint and water exposure to the family. If there is high lead content in the
paint, parents who are aware of this might be more cautious about children playing on the floor
or allowing paint chips or other dust to accumulate in the residence. Families with high lead

•content in the water could be instructed to reduce exposure by allowing the water to run a
significant amount of time before using that water for drinking or cooking purposes.

At the conclusion of the explanation one team member will start the water collection process
while the other team member begins the calibration of the XRF instrument. After the water
collection process is initiated, and the XRF instrument is calibrated then both team members
can proceed with the paint screening. At the conclusion of the visit the monitoring teams will
assure that all of the equipment has been collected, the toys are collected, and balloons are
distributed to the children if present. Finally a reminder that a team will return the following
day to collect the second water sample is given to the family.

Section 7

Water Collection

Two water samples will be collected. Those are W-1 which is a 30 minute stagnation sample and
W-2 which is an overnight stagnation sample. Stagnation samples are collected in order to
provide some uniformity of samples and to determine the amount of lead which will dissolve into
the water over a fixed time period. Significant quantities of lead will not dissolve in water as it



runs through pipes which contain a lead source. One can only measure the amount of lead which
will dissolve in the water if the water is allowed to stand in the pipes for a fixed period of time.

Two stagnation samples are collected in order to first determine what the typical exposure could
be on a given day. Typically families will use water from the water system at varying time
intervals during the day.

The overnight stagnation sample is collected in order to determine what the potential maximum
exposure is to lead dissolved from lead sources within the plumbing system. As water stands in
the plumbing system, dissolved lead reaches an equilibrium. It will not increase in
concentration indefinitely.

The 30-minute stagnation sample, W-1, is collected in the following manner. The first step is
to introduce fresh water into the plumbing system. This is accomplished by going to the kitchen
and turning on the cold water only for a period of three minutes. If the kitchen sink is not
functional then the second choice would be the sink where the family obtains drinking and
cooking water. If only hot water is available at the kitchen sink, then another sink will give a
better indication of a 30 minute stagnation sample. A stop watch will be provided to time the
three minute interval. When the water is turned on, the stopwatch will be started. After three
minutes of running the water the faucet can be turned off. At this time signs provided will be
placed on all sinks and other sources of water. Including the toilet and bathtub. After the three
minute drain of the water system is completed the stopwatch will be set for a 30 minute
interval. If at any time during the course of the 30 minute stagnation time, someone in the
apartment forgets or disregards a sign and runs water the process will have to begin again. This
will include another three minute drain of the system and the start of the 30 minute stagnation
period. When the timer sounds indicating the passage of 30 minutes, the monitor will go to the
kitchen sink or whichever sink was selected and collect the water sample.

The water sample was collected by slowly turning on the water with the bottle under the faucet.
Every attempt will be made to collect all of the water. None should be spilled into the sink. Once
the water bottle is filled to the appropriate level the collection of the sample is complete. The
cap will be securely placed on the water bottle and the bottle will be placed in the monitors
sampling bag.

It will also be helpful to demonstrate the technique for collecting the water sample to the family
member who will do the collection of the overnight stagnation sample, W-2. Explain the need to
collect water without spilling or allowing the faucet to run prior to the collection of the sample.

At this time it will be necessary to make sure the water sheet collection form is complete.
Collect the signs which were placed on the sinks and other water sources. Leave the
appropriately marked sample bottle and instructions for the resident to collect the overnight
stagnation sample.

Section 8

Paint Screening With the XRF Instrument

Paint sampling with the XRF instrument is accomplished in the following manner: The
instrument must first be calibrated after the environmental monitoring team arrives at the



subject residence. This calibration must occur at the beginning of each environmental monitor
visit. The first step in calibration is to turn on the instrument and in the case of the XK3 press
•he res^' •••• "->n and hc'1 it ; i for a period of 6-8 seconds. The work sheet should be available
for the calibration procedure. The number of the instrument is entered in the space provided on
the work sheet. Three readings are taken for each standard and recorded on the work sheet. No
standards are the "no lead standard", the "mid-range standard", and the "high-range standard".
The high-range standard is used only with the XK2, it is not necessary with the XK3.

During the initial introduction to the family several questions should have been answered. The
answers to those questions will determine the location of painted surfaces to be sampied.

Paint testing will occur on surfaces in the three rooms most frequently used by subject
children. The three rooms will most likely be the living room, kitchen, and bedroom. If there
are no painted surfaces in the most commonly used rooms then alternative rams will be used.

After the instrument is calibrated and the location of the painted surfaces to be screened has
been determined, it will be time to do the actual paint screening with the XRF instrument.

For taking readings on trimmed surfaces, it is better to select flat surfaces. Very often there
are flat surfaces on base boards, window sills, and some window trim. If none of these surfaces
is flat then an alternative surface might be a door. In most cases there are flat surfaces on
doors. The disadvantage of doors is very often doors were initially varnished and stained when
older buildings were constructed. Doors may have been the last wood surfaces in dwelling units
to be painted. Therefore painted trim may provide the best opportunity to determine the
maximum exposure from lead based paint. Three separate readings will be taken from the trim
in the selected rooms. Once a piece of trim has been selected as a typical piece of trim in a given
room three readings will be made on that piece of trim. Three separate readings may be
obtained by taking one reading and then moving the instrument 4-6 inches then taking the
second reading, moving the instrument again taking the final reading.

Walls are sampled in the same manner. Three separate readings are taken from a typical wall
in the selected room. When moving the instrument to obtain the second and third readings it is
better to not to move the instrument horizontal or vertical direction, but in some other axis.
The reason for this is heights hidden in the wall behind the plaster or drywall, which give us
various reading typically run in vertical or horizontal directions. Therefore if the instrument
is moved in either of those directions and there happens to be a hype behind the plastered
surface, then one could obtain subsequent readings which are potentially influenced by the
presence of a iron or lead pipe.

After the readings are obtained with the XRF instrument, there are several other questions <o be
answered about the painted surfaces. We would like some assessment of the condition of the
paint on the painted surfaces. By condition is meant by the physical state of the painted surface.
Paint can be either very tight, adhering securely to the wall; or it could be flaking off in
varying degrees. The condition code which will be entered on the work sheet is as follows:

"1" indicates a very tight secure paint. In this condition there is no loose paint on the
wall.

"2" indicates that there is some loose paint; it may be bubbling or generally coming
loose from the surface in some manner. Condition "2" is considered to be
intermediate between Condition "1" and Condition "3".



"3" is paint which is actually flaking off of the wall and landing on the floor. It is a
very loose peeling condition for the paint.

These condition codes should be entered for both the wall and trim surfaces in ihe rooms selected
for paint monitoring.

The work sheet for paint screening also contains a place for indicating the use of the room.
Room use should be written in this section. Examples of room use are, kitchen, bedroom, living
room, hallway, bathroom, etc.

The final information needed for paint and wall screening is the sub-straight over which the
paint is applied. The sub-straight of a painted surface is the kind of material over which the
paint is applied. For trims or doors it could be and would very likely be wood for trim. Doors
could be either wood or metal. Walls will very likely consist of paint over drywall or paint
over plaster. Other painted surfaces could include painted brick, painted block or painted
plaster over brick or block.

If the residents ask questions about the XRF readings the monitors should provide the requested
information. It may not be necessary to give the actual readings to the residents if requested for
example, it may not make a difference to a resident if the reading is 6.5 or 7 but the difference
between the reading of 1 and the reading of 9 may make a difference to the resident. As a general
guideline a reading of 2 or less would indicate there is little or no exposure to lead in paint for
the residents. Readings between 2 and 6 might indicate moderate exposure. Readings above 6
could be defined as high exposure to lead in paint.

Two instruments will be used for paint screening, the XK2 and the XK3. The XK3 is the later
model and some advantages in terms of calibration and ease of use. The XK2 has the capability of
reading above 10 mg. per square centimeter. The XK3 has the capability of reading up to 10 mg
per square centimeter. In those cases where the environmental monitoring team obtains
readings with the XK2 of 10, then another screening of the paint with the XK2 instrument will
be necessary. This could very well be accomplished during the return when the water sample W-
2 is collected.

Section 9

Completion of the Environmental Monitoring Team's Day.

When the Environmental Monitoring Team returns to the Main Street facility, transfer of
custody of the water samples will occur. The water samples and the accompanying data sheets
will be given to the Environmental Coordinator, who will accept custody of those samples at that
time. At the end of the day, water samples will be checked for pH and following that the samples
will be acidified with concentrated nitric acid.



APPENDIX H

Worker Safety and Health Plan Publication

A publication:"Development and Implementation of a Safety and
Health Program for Employees Involved with Residential Soil and
Dust Lead Abatement and Monitoring" APPL. OCCUP. ENVIRON. HYG.
7(6), pp 398-404, June 1992.



Development and Implementation of a Safety
and Health Program for Employees Involved
with Residential Soil and Dust Lead
Abatement and Monitoring
C.F. Thomson*, B. Poppe", C.S. Clark0, C.H. Rice6, and 0. Unz°
*Eastman Kodak Company, Health and Environment Laboratories, 343 State Street, Rochester, New York 14650;
•Friends of the Homeless, 924 East Main Street, Columbus, Ohio 43205; cUniversity of Cincinnati, Department of
Environmental Health, 3223 Eden Avenue, Cincinnati, Ohio 45267-0056

The safety and health plan that was developed for the
Cincinnati Soil Lead Abatement Demonstration Project
is described from its development through its initial im-
plementation, review, and revisions. This demonstra-
tion project, funded under the Superfund Amendments
and Reautborization Act, was developed to demonstrate
the effectiveness of soil and dust lead abatement in
inner-city neighborhoods in reducing the blood lead of
young children. The project involved extensive sam-
pling of soil, exterior and Interior dust, water, paint
lead, and blood lead. Abatement activities included soil
excavation and replacement, debris removal, pavement
cleaning, and housedust abatement by cleaning and fur-
niture/carpet removal. Air lead concentrations were
minimal and no significant blood leads were observed.
Experiences described should prove to be useful to
others engaged in similar lead abatement activities; the
overall approach used may also prove useful in the de-
velopment of safety and health plans for lead paint
abatement projects. Thomson, C.F.; Poppe, B.; Clark, C.$.; Rice,
C.H.; Linz, 0.: Development and Implementation of • Safety and
Health Program for Employees Involved with Residential Soil and
Dust Lead Abatement and Monitoring. Appl. Oeeup. Environ. Hyg.
7(6):39B-404; 1992.

Background
Residential lead contamination and its abatement are

receiving increased public and private attention. The
development and implementation of effective safety
and health programs for workers involved in these activ-
ities is therefore of considerable interest.'0 The lead
found in the soil and dust in urban areas is primarily
from paint and atmospheric fallout, although mining
and industrial sources(2) are also a problem in some
areas Lead-based paint was banned for use in housing in

1972(}); however, many older homes still contain lead-
based paint, and soils and dust are contaminated in
many locations from residences previously painted with
lead-based products. The primary source of lead in at-
mospheric fallout in most urban areas<4) was leaded gas-
oline, which was phased out beginning in the 1970s.

Exposure to lead for children living in urban areas
may result from a number of sources, including the
lead-based paint used during the last 100 years. During
this time, natural weathering and other processes have
eroded away portions of the paint, depositing it in the
soil. Sanding, abrasive blasting, and chemical removal
of the lead-based paint during urban housing renovation
and rehabilitation produce small panicles. When not
properly contained, these paniculates may contaminate
the soil and contribute to high lead concentrations in
urban dust. Once the soil becomes contaminated,
weathering and the additional mechanical action from
the movement of adults, children, and pets further break
down the lead-containing dust. Wind, vehicular traffic,
and pedestrians transport the dust throughout the
neighborhoods and into residences. Children playing
outdoors or indoors may then ingest the soil and dust
through normal hand-to-mouth behavior; ingestion is
greatest among children who exhibit pica behavior.(5)

Both the U.S. Department of Housing and Urban De-
velopment (HUD) and the U.S. Environmental Protec-
tion Agency (EPA) are in the process of investigating
effective ways to abate lead from housing and soil. On
April 1,1990, HUD released interim guidelines (revised
September 1990) for lead-based paint abatement proce
dures for public and Indian housing units around the
country,(6) The plans include measuring the levels of
lead on painted surfaces and determining the types of
abatement that could be used. Decisions will then be
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made a^ to w nat :ype of ahaterr.er.t w i l l be most success-
ful and which housing u n i t s require abatement.

The EPA is engaged in a soil and dust lead abatement
demonstration program.(7) The Cincinnati Soil/Lead
Abatement Demonstration Project is one of three re-
search projects funded by the EPA through the Super-
fund Amendments and Reauthorization Act to deter-
mine the impact of soil and dust lead abatement.(8) The
other two proiects are located in Ba'timore and Bos
ton."'10'

The primary objective of the Cincinnati Soil/Lead
Abatement Demonstration Project is to determine
whether procedures to abate high lead concentrations
in soil, exterior dust, and house dust, applied separately
and in combination, are effective in reducing the blood
lead levels in children up to 5 years of age. Secondary
objectives of the project are to determine the effective-
ness of the abatement procedures in reducing the quan-
tity of lead on the hands of the children and in the dust at
residences, and to determine the rate of recontamina-
tion of household dust and soil and the factors asso-
ciated with such recontamination.

The primary housing type in the Cincinnati abatement
areas is either rehabilitated or nonrehabilitated housing
in satisfactory condition. In the area of the Cincinnati
project, approximately one third of the children under
the age of 5 are likely to have blood lead levels exceed-
ing 25 Mg/dl (the former Center for Disease Control
(CDC) limit)(ll> at least once per lifetime. The recently
established current CDC goal calls for using primary
prevention efforts such as community-wide environ-
mental interventions and nutritional and educational
campaigns to reduce levels below 10 ng/dl.(ll) In-
terruption of the exposure pathways is thought to be the
most successful means of reducing lead absorption. If
the intervention is at the soil lead stage, there should be
a consequent reduction of lead in urban dust.

Rationale and Methods
The health and safety program needed for the workers

involved in the soil and dust lead abatement demonstra-
tion project activities and associated environmental and
biological monitoring will be described in this article
from its inception, through its development, imple-
mentation, and midcourse review. These workers were
involved in lead-contaminated soil removal and re-
placement, interior and exterior dust removal, environ-
mental sample collection and analysis, and blood col-
lection and analysis. The abatement activities occurred
at numerous sites in six inner-city neighborhoods. Soil
abatement activities included some handwork involving
picks, shovels, and wheelbarrows, and the use of me-
chanical equipment such as front-end loaders, bobcats,
and dump trucks. Exterior dust abatement involved use
of vacuum assisted street and sidewalk cleaning equip-
ment, interior dust abatement involved the use of vac-

uum cleaners w i t h hi eh erficiencv pan icu la te air
( H E P A ) f i l t e r s , we t -moppmg, and carpet and f u r n i t u r e
removal and replacement

The University of Cincinnati is a state university in
Ohio, where occupational safety and health enforce
ment activities are conducted by the federal govern-
ment. Consequently, its employees, including the in
house staff of the abatement project, are exempt from
Occupational Safety and Health Administration (OSHA)
regulations.03' The soil abatement workers employed
by outside contractors are covered under the OSHA
construction standard.U4) Since lead is considered a
hazardous waste, University employees are covered by
the EPA Hazardous Waste Operations and Emergency
Response standard, which was adopted as a companion
regulation to OSHA's for the protection of public-sector
employees. This standard requires a safety and health
plan and an officer to monitor the plan.(li) Regulation
notwithstanding, the EPA mandated the project staff to
have a safety and health plan and a safety and health
officer for the duration of the demonstration. Good
public health policy and the University's commitment to
comply with OSHA regulations also supported develop-
ment of a comprehensive safety and health plan.

To prepare a safety and health plan, a committee of
knowledgeable persons was gathered to review and as-
sess the potential hazards that must be addressed. A
committee was assembled because few persons alone
have the knowledge that was required for writing a
comprehensive safety and health plan.(l<) The commit-
tee formed to write the Cincinnati Soil/Lead Safety and
Health Plan encompassed the following fields of exper-
tise: lead toxicity, safety, industrial hygiene, medicine,
and construction hazards. Evaluation of existing and
perceived hazards was conducted as a group process.

Comprehensive evaluation of the hazards was neces
sarily a lengthy process. It was recognized early that a
flexible plan would be required so that newly identified
hazards could be incorporated. The elements of the
plan were lead exposure hazards, engineering controls,
work practices, personal protective equipment, radia
tion, construction and safety hazards, medical surveil
lance, worker training, air monitoring, and laboratory
audits.

Potential lead exposure for both project and contrac
tor personnel was of concern. University of Cincinnati
personnel would be collecting, processing, and testing
contaminated soil and dust samples for the duration of
the 3-year study. Contractor personnel would perform
the abatement work on sites for limited time periods
where lead levels in the soil were found to be elevated.
Both groups would also be exposed to physical hazards
During collection of soil and dust samples or abatement
of contaminated soil, sharp objects such as broken glass
and metal may be present, posing a risk of puncture or
cut for the environmental monitors and the contractors
Contractors have an additional physical hazard that
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when U M I I C ; heaw power tooU Because the
ent •sues are iucated in heavily traveled urban

area?, w h i c h are t y p i c a l l y characterized with above
average crime rates and drug use, personal safety was
another concern that required evaluation. Collection of
the soil and dust would be performed outdoors
throughout the year, raising concerns for both heat and
cold stress. Finally, radiation sources exist in two analyt-
ical instruments one was a portable X-ray fluorescence
( X R F ) in situ paint lead analyzer and the other a
laboratory-based XRF instrument used for soil and dust
lead analysis All of the potential hazards were evalu-
ated, analyzed, and addressed by the committee prior to
writing and implementing the safety and health plan.

Development of the Safety and Health Plan
Development of the safety and health plan began with

a brainstorming session in which potential exposures,
hazards, and safety concerns were listed. From these
items an initial outline of the safety and health plan was
developed Particular concerns were noted in the out-
line in addition to applicable OSHA standards. After the
initial safety and health plan was written, internal review
was performed before sending it to the EPA. The in-
house reviews were performed by a Certified Industrial
Hygienist, a physician, and the Project Directors. The
EPA reviewed the document at two separate times dur-
ing the initial writing. Comments and recommenda-
tions were specific and included items such as the use of
cartridge-specific respirators as opposed to dust masks,
discussions of sampling methods and instruments, and
field testing procedures. The EPA took an active support
role in reviewing and critiquing the document. Had this
not been the case, an external review procedure would
have been necessary to prevent an in-house bias and to
identify omissions. The development of the plan took
about 9 months and required about three person-
months of fu l l - t ime effort.

Content of the Safety and Health Plan
Lead Exposure Hazards

Lead was the initial hazard to be addressed. The most
common routes of exposure for lead are inhalation and
ingestion Inhalation, being the primary concern for
adults, was evaluated thoroughly. Monitoring, abate-
ment activities, and sample sieving were judged to have
the greatest potential to create elevated airborne lead
concentrations. Ingestior. is a less common exposure
route in the workplace but may result from eating con-
taminated food, smoking contaminated cigarettes,
chewing fingernails, and applying contaminated cos-
metics

The OSHA Lead Standard'17' was referenced thor-
oughly for compliance and control methods. Engineer-

ing ^on: r • ! • - we re - specined a.- tr ie p r e f e r r e d wav :,( re
ducing ;he potential lead dust hazards To m i n i m i z e and
reduce dust i n h a l a t i o n , hoods were required for labora
ton.' processing of the soil and exterior dust samples
These hoods are surveyed quarterly during the struc-
tured laboratory audit to ensure proper ventilation rates
The use of HEPA filters on the vacuum cleaners used for
cleaning laboratory and field office space was another
specified engineering control. Contractors were re-
quired to use HEPA-equipped vacuum cleaners during
abatement.

Work practices and personal hygiene are additional
methods of reducing lead exposure and other hazards.
University employees working out of the field office
were provided with shower and locker facilities.

Restrictions were implemented to prevent eating,
drinking, smoking, applying cosmetics, chewing to-
bacco, or chewing gum at work sites. Environmental
monitors were required to change into street clothes
before entering the lunchroom.

A commercial cleaning service was utilized for the
uniforms to prevent worker take-home of soil and dust.
All streets and sidewalks within the abatement neigh-
borhoods and a|l_panicipating apartments were dust
abated regardless of the lead levels in the dust. The
lead-contaminated soil to be abated was well below the
level that would classify it as hazardous waste. There-
fore, the contamination of workers' clothing was ex-
pected to be similar to that associated with inner-city
street and housing maintenance, gardening, and apart-
ment cleaning activities, and no special procedures
were thought to be necessary for the commercial clean-
ing service.

Personal protective equipment was used when engi-
neering controls were deemed infeasible or the worker
required protection from a physical hazard. Uniforms
were worn by the site inspectors and environmental
monitors to prevent the transport of lead-contaminated
dust into the field office, personal automobiles, and
homes. Soil abatement tools and equipment were kept
separate from those used for replacement soil unless
they were thoroughly cleaned between uses. Steel-toed
safety shoes were the required footwear for the environ-
mental monitors when collecting soil and exterior dust.
The monitors were working with steel soil core collec
tion devices and were also exposed to broken glass, etc.,
on the sites. Additionally, rubber gloves are required to
be worn when handling the soil and exterior dust sam-
ples This applied to both field and laboratory person
nel.
Radiation

Two radiation sources exist in the instruments used
for lead analysis. These instruments and the laboratories
where they were located were tagged with radioactive
warning signs. All laboratory personnel and other per-
sons associated with these instruments attended

400 APPL OCCUP ENVIRON HYG 7(6) • JUNE 1992



courses on safety hazards conducted by both the rnanu
facturer and the University-

Construction Safety Standards
Construction safety hazards were primarily a concern

during the abatement phases of the project. Contractors
used heavy equipment (front-end loaders, bobcats,
dump trucks, etc ) as well as hand tools in highly popu-
lated areas, which posed a risk not only to the operator
but to project personnel and neighborhood persons.
Specific safeguards were required to address these
needs. The work site was fenced to restrict adults, chil-
dren, and animals from the abatement area. The fencing
remained around the site on a 24-hour basis until activi-
ties were completed. This prevented contact with the
equipment by the public and avoided disruption of the
soil and dust, as well as providing additional security for
the equipment left on the site overnight. Specifics con-
cerning vehicles, hand power tools, concrete activities,
etc., were addressed in the contractor safety and health
plan according to OSHA Construction Standard 1926.

Meidteal Surveillance
A medical surveillance program included preplace-

ment examinations, annual reexaminations, and moni-
toring for the effects of specific potential hazards.(17)

The preplacement portion of the medical surveillance
program established baseline data on each individual to
better safeguard the health of the employee. An occupa-
tional/medical history was taken. Past occupational ex-
posures were noted along with any pertinent medical
history. A physical examination was performed to assess
the employee's general health and fitness to perform
required duties and to use air-purifying respirators.
Baseline data were collected for blood lead levels. Be-
cause collection and analysis of numerous blood sam-

ples from inner -c i ty ,.~;idren and adults ^vas an in tegral
part of the demonstrat ion proiect. it was necessary to
include prevention of blood-borne diseases and in ju r i e s
in the training program and prudent to offer vaccination
against hepatitis B to employees involved with blood
collection and analysis. Finally, tetanus shots were
given to any employee during the preplacement exam
whose previous immunization was more than 10 years
old or of unknown date. Employees covered by the
medical monitoring program were the environmental
monitors, site inspectors, and laboratory personnel be-
cause of their frequent exposure to the lead-containing
soil. Specific medical monitoring requirements for each
group are shown in Table I.

At 6-month intervals another blood lead determina-
tion was made-, results were compared with previous
data to detect whether changes in the levels had oc-
curred. The annual medical examination also included
an assessment to verify if the employee was still medi-
cally capable to carry out the tasks required in his/her
position. Blood lead level was also evaluated at termina-
tion of employment.

There were 37 employees in the safety and health
program. This included office staff, field monitors, and
laboratory technicians. Twenty-seven of those employ-
ees were involved in the abatement and monitoring ac-
tivities. Mean blood lead levels for these 27 employees
were 2.4,5.8, and 5.0 jug/dl for the initial, 6-month, and
annual determinations, respectively, with standard de-
viations of 0.55, 2.39, and l.OO^g/dl. The change from
the initial value to 6-month value had a p-value of less
than .0005 and the initial to 1-year value had a p-value of
less than .005. These changes were not considered clin-
ically significant. The highest blood lead value was 12
//g/dl. It was the only value of 10 or above. Blood sam-
ples were analyzed for lead using an ESA Model 3010A
anodic stripping voltammeter. Details of the laboratory

TABLE I. Medical Surveillance Program by Job Type
HBV

Job
Type

Users ot vacuum dust
collection methods

Clinic or blood laboratory

Site inspectors
Environmental monitors

and assistants
Safety inspector/

abatement
coordinator

HBV - hepatitis B virus;
N - not aDpicaDte;
0 - notional;
f - recommended,
R - required

History/
Physical

R

r

R

R

0

Baseline
Laboratory

R

r

R

R

0

Blood
Lead

R

N

R

R

0

Respiratory
Fitness

R

N

N

N

N

Physical
Capacity

N

N

N

0

N

Antibody
Status

N

r

N

N

N

HBV
Vaccine

N

r

N

N

N

APfL OCCUP ENVIRON HYC 7161 • JUNE 1992 401



r-.-.-ir. :Js J!iJ qja! it \ c u n t r o i and q u a l i t y assurance pro
gr jm have been provided elsewhere 118) The detection
l i m i t of t h ;> method is 1 -t ~ 0 ~^g dl.

Physical Hazards

Year-long environmental monitoring exposed the
field personnel to various weather conditions that
needed to be closely watched When a heat alert was
declared by the City Health Department, a heat stress
monitoring protocol went into effect. Included in the
protocol were the following elements: worker informa-
tion and training, work practices, heat alert program,
environmental surveillance, medical surveillance, and
record keeping Results were obtained by a series of
calculations, and effective measures were taken appro-
priate to the findings, i.e., reduce the work day, increase
consumption of fluids, stop all outdoor activities, etc.

Injun- occurrence was monitored by means of an In-
cident Report. The report was filed immediately after an
incident and then reviewed by those persons involved.
Appropriate action and follow-up was taken relevant to
the incident.
Worker Training

Training was needed for hazard recognition and to
assure proper use of protective equipment and other
control measures. Several training programs were de-
veloped and implemented during the Lead Demonstra-
tion Project A general health and safety training session
was given for laboratory and field personnel. This cov-
ered general laboratory practices, chemical and physical
hazards, legal rights and responsibilities, personal pro-
tective equipment, emergency response, hazard con-
trol, work practices and procedures, and medical sur-
veillance. A lead hazard session was provided for all
employees. This session encompassed information on
how lead enters the body, health effects, and ways to
reduce exposure. A first aid program given by the Red
Cross was required for field monitors. Each field crew
has at least one person trained in first aid. Heat and cold
stress training was given to all field monitors. The heat
stress protocol was also reviewed at this session. The
Red Cross also provided CPR training and a lifting tech-
niques and back injury prevention program for those
employees required to lift heavy objects. Workers in-
volved in blood collection also received training in
AIDS awareness, phlebotomy work practices, and medi-
cal surveillance. Supervisors were required to attend all
of the training sessions. Training sessions were per-
formed for short durations of time (1 to 5 hours) and in
small groups with interactive discussions. This ap-
proach to training, which actively involves the trainees,
was used to foster learning through participation.09'
Training occurred annually or more often if the work
activity repeated at more frequent intervals. For exam-
ple, training of blood collection clinic staff occurred five
times over about a 26-month period. The total amount of

t r a i n i n g ranged from about MO '. •> hour.-: . r e a c h worker
on an annua l basis

Air Monitoring

Air sampling strategies were developed to obtain an
in i t ia l determination of levels of airborne lead at each
work site. Both personal and area air samples were col-
lected Analyses were performed in an American Indus-
trial Hygiene Association accredited laboratory. Levels
must be maintained below the OSHA permissible expo
sure limit (PEL) of 50 ̂ g 'm3 and preferably below the
action level of 30 //g/m3.(I7) Provisions were also made
to include any new or changed activities for additional
monitoring if airborne lead concentration might ap-
proach the action level.

Area and personal air monitoring was performed at a
temporary laboratory used for a field office and during
soil sieving and preparation at the beginning of the proj-
ect. The mean concentration of lead found during activ-
ities exposed employees to less than 1 //g/m3. When the
soil processing laboratory was then moved to its perma-
nent location, sampling was performed again, as re-
quired in the safety and health plan. The mean concen-
tration found at this facility was less than 3 Aig/m3.
During the initial vacuum cleaner performance, air
levels were below 0.25 ^g/mj. The lead levels found in
the laboratory facilities were well below the OSHA PEL
and action level and therefore are in compliance.

At the time of the development of this safety and
health program, little information could be located in
the literature on air lead levels during similar activities
elsewhere. Municipal street cleaners in Cincinnati,
using the dustier mechanical broom-type sweepers,
were previously found to be exposed to a geometric
mean air lead concentration of 3-2^g/mJ (maximum 6.6
^g/mj).(20) More recently, extensive monitoring of air
lead exposure during interior dust abatement at an inte-
rior residential dust abatement pilot program in a
neighborhood near a secondary lead smelter in Tor-
onto, Canada, was reported by others.(J1) Air lead con-
centrations were determined from both personal and
area air samples collected before, during, and after
abatement activities in eight houses. Airborne dust con
centrations were also determined from the area sam-
ples. Results of the area monitoring revealed that air-
borne lead concentrations were all below the OSHA PEL
of 50 ng/m3, with the highest value being 9 2//g/m3. The
average airborne lead concentration was somewhat
higher during abatement (0.76 /<g/mj) than before
(0.31 /*g/m3) or after (0.14 |*g/mj). Area dust concen-
trations followed a similar pattern, with the highest level
(1.3 £g/m3) occurring during abatement. This value was
less than 10 percent of the OSHA nuisance dust limit of
15 jSg/m3. Personal air samples revealed somewhat
higher levels than area samples with a mean concentra-
tion during duct cleaning of 2.9 ̂ g/m5 (range: 0.76 to
4.39^g/m3; standard deviation: 1.38/ig/m5), which was
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four t imes the mean area sample concentration Con
centrations during the house cleaning were somewhat
higher (-* p.%. m3, range; <0.1 to 25 72/ig/m3, standard
deviation: 7.40^g/mJ). The three highest values (13.0
to 25-7 ji%t'm5) occurred during basement cleaning be-
fore precautions were taken to minimize dust created by
moving items laden with lead-containing dust.

Project Audits
Laboratory, field, and abatement audits were imple-

mented as measuring devices for compliance. Both the
laboratory (sample processing and analysis) and field
(sample collection) audits were required on a quarterly
basis. Compliance with the safety and health plan was
checked, hood flow velocities measured, and work
practices observed. Recommendations, if needed, were
recorded and forwarded to the appropriate personnel
and the Project Directors with an expected completion
date specified. Abatement audits were required on a
weekly basis during abatement activities conducted in
the third project year. This time period allowed for
timely feedback and implementation of recommenda-
tions. All audits were performed by the Safety and
Health Officer or an appointed designee. All forms were
developed by the Safety and Health Officer and revised
by the multidisciplinary team. Documentation for the
contents and specification for instrument use were de-
veloped to help assure uniform use over the course of
the project. Over 50 audits were performed.

Review of the Plan
After the first cycle of abatement activities had been

completed, postabatement review sessions were con-
ducted with supervisors, site inspectors, and other em-
ployees. These discussions revealed a need for revisions
to the safety and health plan. The Project Directors and
the Safety and Health Officer spoke with each site in-
spector separately to review safety and health aspects of
the just-completed abatement. A composite list was as-
sembled, which detailed the revisions that were
needed. Those items were explored and discussed with
various project staff to find feasible solutions. Once so-
lutions were found, revisions were made to the safety
and health plan. Completed revisions were reviewed by
a Certified Industrial Hygienist and by the Project Di-
rectors, and upon their approval the safety and health
plan was sent to the EPA.

Plan Revisions
Clearer lines of authority needed to be established

between University and contractor employees to pro-
mote good communications as well as thorough under

Associate Project

Safet
Officer

y 4rH
rvn HA

DO.
for A

ealth
signee

til.La.gei *
Lbatement

Site Inspector

Contractor!

FIGURE 1. Flow diagram of site communication for nonemefgency matters

standing of abatement activities. As a result, project staff
were briefed on procedures for the exchange of health
and safety information from the Health and Safety Of-
ficer to outside contractors (Figure 1). Contractors were
also briefed on the communication lines to achieve
smooth transmission of information. Training of the
contractors about lead exposures and hazards was
needed to reduce apprehension about exposure. This
arose from a prior decision not to include training in
lead exposure hazards as a major pan of the outside
abatement contractor's worker training program be-
cause of the minimal exposure thought to be involved.
The lack of the lead exposure training resulted in the
workers becoming worried about the potential lead ex-
posure risks of their job activities. A training program
was developed and implemented that included lead
toxicity, anticipated levels of exposure for the contrac-
tors and its potential impacts, and good work practices
to prevent worker take-home of soil and dust and to
prevent contamination of areas adjacent to the work site.
Workers responded well to the training, and concerns
about their risks to lead exposure were reduced to more
appropriate levels.

After two incidents during the 1989 abatement phase
(a hydraulic line leak and a gasoline spill), emergency
procedures were developed for spill management and
to prevent possible injury. Revisions in the abatement
contracts specified that the contractor have a plan in
place for those types of emergencies."2' These plans
were checked during weekly abatement audits by the
Safety and Health Officer during the periods of on-site
active abatement.

After receiving reports from the environmental moni-
tors about the noise level of the vacuums being used,
sound-level monitoring was performed. During opera
tion, the two vacuum cleaners projected 87 and 93 dBA,
respectively. Therefore, a hearing conservation pro-
gram was written and implemented."" Sections of the
program included: hazard assessment, audiometric test
ing of employees, monitoring specifications, training,
and personal protective equipment. A safety alert was
also posted for employee review, and vacuum cleaners
were tagged with precautions to reinforce the hearing
conservation program.
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Summary and Conclusion

A stepwise approach :n the deve lopment and imple
menta t ion of a safe ty and h e a l t h plan is presented and
used in cons t ruc t ing a program for employees involved
in lead abatement Persons knowledgeable in industrial
hygiene, safety, medicine, construction hazards, and
lead abatement participated in the development of the
Safety and Heal th Plan for the Cincinnati Soil/Lead
Abatement Project Since few individuals possess the
knowledge of each of these areas, assembling a com-
prehensive team was an important first step.

Once a team had been assembled, a thorough assess-
ment of potential and existing hazards was made. Evalu-
ation of each hazard and any measure that could control,
reduce, or eliminate the hazard was discussed. Once the
most efficient and cost-effective measures to control the
hazards were identified, the safety and health plan was
written.

The safety and health plan includes sections concern-
ing engineering controls, personal protective equip-
ment, training, medical surveillance, and review proce-
dures. Each of these sections included a comprehensive
approach to reduce employee hazard exposure.

Training involved initial and periodic updates to keep
employees well informed and knowledgeable on any
potential exposures resulting from their work. This
training was provided in a small group setting in which
interactive participation was emphasized. New employ-
ees were trained prior to starting work, which provided
an excellent opportunity to review existing employees
on the material being presented.

A review and update of the safety and health plan at
regular intervals ensured a working, practical approach.
Review occurred at least annually, and more often when
events dictated This critical step included a complete
review of all activities that occurred during the year.
Revisions were made to incorporate suggestions and to
address newly recognized potential hazards and regula-
tion updates.

In conclusion, the Safety and Health Plan for the Cin-
cinnati Soil/Lead Project proved to be an effective,
working document for the staff and employees. With the
implementation of the yearly discussion and review
suggestions, this program should also provide useful
material for the development of an effective model for
lead paint abatement safety and health plans.
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APPENDIX I

Agenda for Contractor Training



AGENDA
CONTRACTOR TRAINING

July 29, 1991

Why Are You Here? Schmitgen

Rights and Responsibilities Schmitgen
1. What are your R & R?
2. Lead Modes of Transmission
3. OSHA Action Levels

Hazard Recognition McElroy
1. Activity

Hazard Control
1. debris
2. air
3. noise
4. animals
5. people
6. traffic
7. heat

2. Health Effects
1. Heat Stress, Heat Exhaustion, Heat Stroke

Hazard Control McElroy
1. Monitor Area
2. Safe Work Practices

1. lifting
2. forklifts
3. slips, trips and falls
4. secure work area

Personal Protective Equipment - PPE Schmitgen
1. Hearing Protection
2. Respiratory Protection
3. Protective Clothing
4. Other PPE

Decontamination McElroy
1. Truck
2. Equipment
3. Shoes

Emergency Response Schmitgen
1. List of Important Names



APPENDIX J

Interior and Exterior Safety & Health Audits: Forms Used & Dates
Performed



UC LEAD DEMONSTRATION PROJECT

LABORATORY SAFETY AUDIT

Date of V is i t :

Location:

Supervisor:

Persons Observed:

i General description of use:

Chemicals used:

PPE:

lab coat uw no na
Gloves yes no n.a.
Stfety glasses /goggles yes no n.a.
Single-use respirators yes no n.a.
Workpants/coveralls yes no n.a.
Safety shoes yes no n.a.
Acid resistant PPE yes no n.a.

Comments:



signs:

Lead hazard label:
Entrance yes no n.a.
Waste containers yes no na
Sample containers ges no n.a.

Biological hazard label:
Entrance yes no n.a.
Waste containers yes no n.a.
Refrigerator yes no na
Transport containers yes no n.a.

Chemical hazard labels: yes no n.a

Personal hygiene:
No smoking yes no n.a.
No eating or drinking yes no n.a.
Hand cashing yes no n.a.

Comments:

4. Chemical storage:
Storage i nst r ucti on gi ve n yes no
Organic/inorganic mix yes no
Proper cabinets yes no
Incompatibilities yes no
Personnel familiar with MS&S yes no
Flammable storage yes no
All containers labeled yes no

Comments:



Disposal.

B ro ife n gl 85? rece ptac 1 e yes
Soil/dust receptacle ues
Hazardous materials ues
Biological waste yes

Comments:

no
no
no
no

n 3
n.j.
m
n.a.

6. Emergencg.

First Aid ht
Fire extinguisher
Notification list
Spill cle«n-up list
Eye vash station
Telephone

Comments:

ues
yes
ye?
yes
yes
yes

no
no
no
no
no
no

inadequate

inadequate
inadequate
inadequate
i nadeq irate

Housekeeping:

Food/drink
Orderly vork area
Clean restroorm

rooms

yes
yes
ye?
yes

no
no
no n».

Comments



8. Other comments:

Recommendations:

Denis Boudraau

Investigator Date

Report distributed to:

.Bill Menrath
Rod*

_Li nc!a Convay- Mundev
_Scott dark
_Bob Bornsthein

4/on/



Laboratory Hood Safoty Audit
General Purpose Laboratory Hood

Date_/_/_ Hood_______ Location______
U.C. ID*______ Room __

investigator______________

Date- of iabt review _/__/_ Date of last maintenance

HOOD TYPE. I .Dry box of glove__2. Vertical sash_3. Horizontal sash
4 Laminar flow_.

Materials used in hood and degree of hazard.

is hood near door/window or exit?

ib hood in high traffic area?

Hood damage?

Lights work properly?

U.v. lights work properly?

Electrical receptacles inside hood?

Airflow grille clogged?

Slwp corners or edges present?

Materials and equipment 6" from face of hood?

Comments:



HOC 0 AUDIT

DATE

Width(ft) *

Yel (cfm) =

HOOD
U.C. ID*

Full open

*DIY/Oi
*DIY/0!

Ml n Yel fpm 0.00

ADDRESS

Sill-lit hll .'TunK.- A it,.1*-e it.-

U^mX s

Area(fT£} = 0.00
Max Ye! (fpm) 0.00
20% Avar = *0iv/0!

Half open
i

Wdth(ft) =

AvqYcUfpm *DIY/0!
Vol (cfm>= *DIV/0«

Min Yel fpm 0.00
Rec Min ¥=> *DIY/0!
RecM«Y=< *OIY/0!

Heiqht(ft) =

Area(ft*2)= C.OC
MflX VftKfpfn) n 00
2Q»«vgY= *DIY/0!

Working Avg Yel = DIY/0!



JC Lead Soil De~:-.:'ration Project
INTERIOR DUST SAFETY AUDIT

Locat ion:
Ci»0 .•_i I \. C.

investigator:
Contractor:

Supervisor/Foreman:
Site inspector:

1. General description of site and work tasks observed.

Equipment on site:

Has contractor attended safety tra'ning? yes no n.a.
Site Entry/Exit log yes no n.a.
Comments:

2.PPE
Eye and face protection yes no n.a.
Head protection yes no n.a.
Foot protection yes no n.a.
Protective clothing / gloves yes no n.a.
Moving of furnishings, carpet and equipment

Minimum of two (2) persons yes no n.a.
Safe lifting methods yes no n.a.
Entrances, stairway and passageway
evaluated prior to items moved yes no n.a.

Comments:

3. Medical services
Are telephone numoers of physician, hospital
or ambulance conspicuously posted"' yes no n.a.
Comments:

4. Site control
Contamination control



Transport and handling of contaminated items
Furnishings yes no P.a.
Water yes no n.a
Dust yes no n.a.

Security maintained on removed
furnishings prior to disposal yes no n.a.
Manifest system in e f fec t yes no n.a.

Comments:

5. Housekeeping
Is site maintained in an orderly fashion? yes no n.a.
Work area, passageway and stair areas kept clear yes no n.a.
Dust containers equipped with covers yes no n.a.
Comments:

5. Emergency response
Emergency contact list available? yes no n.a.
Fire protection and prevention;

Electrical yes no n.a.
internal combustion engines (exhaust) yes no n.a.
Smoking in designated area only? yes no n.a.
Flammable bases or liquids? yes no n.a.

Comments:

7 Motor vehicles, and tools
Motor vehicle yes no n.a.
Hand and power tools yes no n.a.
Comments:

8. Sa fe ty regulations
(1.) Eating or smoking on site is prohibited except in specifically

designated areas.
(2.) Safety equipment and protective clothing shall be worn at all times

as specified.
(3.) Employees shall wash hands and face before eating, drinking or

smoking.
(4.) Regulations on washing and removing boots, coveralls and hard hats

shall be observed.
(5) All accidents, regardless of seventy shall be reported to the

immediate Supervisor, including damage to property.



(6 ) Horseplay, fighting, teasing, or practical jokes on s i te are al; s t r i c t l y
forbidden.

(7 ) Use of de fec t i ve tools or equipment is str ict ly prohibited
(8 ) Employees shall never stand under truck loads ir; any posit ion and

shall prevent other employees or pedestrians from doing so.
(9.) Employees should check the equipment before each use to assure that

all guards are In place and that the work area is well-maintained and
safe.

(10.) Work areas should be kept free of all oil and any substances which are
slippery.

(11.) All the equipment shall be removed from the site at the end of each
work day or properly stored in accordance with Section J (a)

(12.) No one is to report for work in possession of or under the influence of
intoxicants or drugs.

(13 ) All trash must be placed in appropriate receptacles and disposed of in
accordance with City ordinances.

(14) All employees shall receive a copy of this Plan or have access to this
document at their place of work. The Contractor shall brief the
employees about this Plan and its availability before work

Comments:

9. Other
Illumination

Minimum of ten (10) foot-candles yes no n.a.
Comments:
Sanitation

Potable water yes no n.a.
Toilet facilities yes no n.a.
Washing facilities yes no n.a.

Comments:
Occupational noise exposures yes no n.a.
Comments:
Electrical hazards yes no n.a.
Comments:
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'JC Lead Soil Abatement Demonstration Project
EXTERIOR DUST SAFETY AUDIT

Date-
Location-
Site
investigator:
Contractor

Supervisor/Foreman:
Site inspector:

I General description of site and work tasks observed.

Equipment on site-

Has contractor attended safety training? yes no n.a.
Comments:

2.PPE
Eye and face protection yes no n.a.
Head protection yes no n.a.
Foot protection yes no n.a.
Protective clothing / gloves yes no n.a.
Comments:

3 nedical services
Are telephone numbers of physician, hospital
or ambulance conspicuously posted? yes no n.a.

Is there a first aid kit? yes no n.a.
is the first aid kit adequately stocked? yes no n.a.
Comments:

4 Site control
Dust control yes no n.a.
vehicle and pedestrian traffic

is there at least one traffic lane open
at all times? yes no n.a.



SarHers.signs ana detours
is there adequate signage? yes no n.a

Danger
Caution
Exit
Safety instruction
Direction
Traffic
Accident prevention tags

Are f laggers using proper signals? yes no n.a.
Are barricades effective? yes no n.a.

Comments:

5. Housekeeping
Are scrap lumber and combustibles properly
controlled. yes no n.a.
Are proper waste containers with lids used? yes no n.a.
is site maintained in an orderly fashion? yes no n.a.
Comments:

6 Emergency response
Emergency contact list available? yes no n.a.
Fire protection and prevention;

Electrical yes no n.a.
Internal combustion engines (exhaust) yes no n.a.
Smoking in designated area only? yes no n.a.
Flammable bases or liquids? yes no n.a.

Comments:

7 Motor vehicles, mechanized equipment and tools
Motor vehicle yes no n.a.
Off road vehicles yes no n.a.
Material handling equipment yes no n.a.
Hand and power tools yes no n.a.
Comments:

8 Safety regulations
(1.) Eating or smoking on site is prohibited except in specifically

designated areas.
(2.) Safety equipment and protective clothing shall be worn at all times



as specif ied
(3.) Employees shall wash hands and face Defore eating, drinking or

smoking.
(4) Regulations on washing and removing boots, coveralls and hard hats

shall be observed.
(5.) All accidents, regardless of severity shall be reported to the

Immediate Supervisor, including damage to property.
(6.) Horseplay, fighting, teasing, or practical Jokes on site are all strictly

forbidden.
(7.) Use of defective tools or equipment is strictly prohibited.
(8.) Employees shall never stand under truck loads in any position and

shall prevent other employees or pedestrians from doing so.
(9.) Employees should check the equipment before each use to assure that

all guards are In place and that the work area is well-maintained and
safe.

(10.) Work areas should be kept free of all oil and any substances which are
slippery.

(M.) All the equipment shall be removed from the site at the end of each
work day or properly stored in accordance with Section J (a).

(12.) No one is to report for work in possession of or under the Influence of
intoxicants or drugs.

(13.) All trash must be placed in appropriate receptacles and disposed of in
accordance with City ordinances.

(14) Vehicular speed Is not to exceed 5 MPH on the site to minimize dust
generation.

(15.) Trucks or any other vehicle carrying Contractors supplies, tools, etc.,
may park at the work site; however, they must be decontaminated and
inspected prior to leaving the site.

(16.) All employees shall receive a copy of this Plan or have access to this
document at their place of work. The Contractor shall brief the
employees about this Plan and its availability before work
commences.

Comments:

9. Other
illumination yes no n.a.
Comments:

Sanitation
Potable water yes no n.a.



Toi let f a c i l i t i e s yes no na
wasnmg faci l i t ies yes no n.a

Comments:

Occupational noise exposures yes no n.a
Comments.

Electrical hazards yes no n.a.
Comments.

9. Recommendations.

Denis Boudreau

Date:.

.Sandy Roda

.Linda Conway-Mundew

.Scott Clark,

.Bob Bornschein

investigator Date

Report distributed to:

___Bill Menrath



U.C. LEAD DEMONSTRATION PROJECT

HEALTH AND SAFETY AUDITS
1989

Lab Audits

Date

6/29/89
12/29/89
4/19 /89
6/30/89
10/4/89
3/15/89
10/31/89
3/15/89
6/30/89
10/6/89
1 1/2/89
4/19/89
5/16/89
6/30/89

Location

Main Street
Main Street
Kettering
Kettering
Kettering
Kettering
Kettering
Kettering
Kettering
Kettering
Kettering
Kettering
Kettering
Kettering

Room

204
309
309
322
322
329
329
329
329
407
407
407

Page 1



U C. LEAD DEMONSTRATION PROJECT

HEALTH AND SAFETY AUDITS
1990

Date Location

Lab 6/21/90
1 1/7/90
8/17/90

6/5/90
11/28/90
11/28/90

1/3/90
1/12/90
2/5/90

2/12/90
4/10/90
7/17/90

10/23/90
1/22/90
2/20/90
4/19/90
6/30/90
3/30/90

'Hood Audit Only

Wherry Hall G-07
Wherry Hall G-07
3333 Vine Street
EPA 108
EPA 108
EPA 110
Main Street*
Main Street*
Main Street*
Main Street*
Main Street
Main Street
Main Street
Kettering 204
Kettering 309
Kettering 309
Kettering 309
Kettering 322

Clinic 6/28/90
11/20/90

Main Street
Main Street

Interior Dust 8/17/90
8/22/90

537 E. 13th Street
1824 Race Street

Exterior Dust 8/27/90
9/6/90

9/14/90
9/20/90
10/4/90
10/5/90

10/17/90
10/17/90
10/25/90
10/31/90

Dandridge
Findlay
Findlay
Price Hill
Lower Price Hill
Bolivar Alley
Pendleton
Dandridge
Findlay
Findlay

Page 1



HEALTH AND SAFETY AUDITS
1991

Date Location

Lab 6 /21 /91
6 /24 /91
6 / 2 4 / 9 1

7/2/91
6 /26 /91
6 /27 /91

Main Street
ERA
EPA
Med. Science Bldg.
3333 Vine Street
Wherry Hall

108
1 10
6260
201
G-07

Clinic NONE

Interior Dust 7/10/91
7/15/91
7/25/91

8 /1 /91

Glencoe
Glencoe
Glencoe
Glencoe

Exterior Dust 7/3/91
7/31/91
8/28/91

Glencoe/Mohawk
Glencoe
Mohawk

Field Safety 6/21/91
6/26/91
6/28 /91

7/2 /91
7/10/91
7/16/91
7/24/91

8/2/91
8/22/91

Glencoe
Glencoe
Glencoe
Findlay
Glencoe
Pendleton
Glencoe/Mohawk
Dandridge
Pendleton

Page 1



Appendix K

Door Mat Placement, Sampling and Removal Sequence



APPENDIX K

INTERIOR DOOR MAT PLACEMENT AND SAMPLING SEQUENCES

.Ehase

01

02

03

05

06

07

09

Hat Placed

One

Two

Mat Removed

One

Three

Four

Two

Three

Mat Sampled

One

One

Two

Two

Three

Four

Four

Approximate Length of
Time Mat 1n House

Mat sampled after less
than 1 hr In residence
Two months 1n
residence (during
Interior and Exterior
Abatement In Area A
and Interior Abatement
In Area B)

Three months In
residence (Post-
Abatement for Areas A
and B)
Ten months 1n
residence (Post-
Abatement for Areas A
and B)
Two months 1n
residence (during Ext.
Abatement In Area B)

Three months In
residence (Post-
Abatement 1n Area B)

Ten months In
residence (Post-Ext.
Abatement In Area B)


